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COMPOSITIONS AND METHODS FOR DETERMINING INTERACTIONS OF 
MITOCHONDRIAL COMPONENTS, AND FOR IDENTIFYING AGENTS THAT 
ALTER SUCH INTERACTIONS 

CROSS-REFERENCES TO RELATED APPLICATIONS 

5 This application is a continuation-in-part of USSN 09/434,354 filed November 3, 

1999, which is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

The invention relates generally to methods for identifying agents that affect 
mitochondrial membrane permeability transition. More specifically, the invention relates 
10 to compositions and screening methods for use in identifying agents that alter the 
interaction between the mitochondrial adenine nucleotide translocator and cyclophilin D. 

BACKGROUND OF THE INVENTION 

Mitochondria are the main energy source in cells of higher organisms, and 
provide direct and indirect biochemical regulation of a wide array of cellular respiratory, 

15 oxidative and metabolic processes. Such processes include electron transport chain (ETC) 
activity, which drives oxidative phosphorylation to produce metabolic energy in the form 
of adenosine triphosphate (ATP), and which also underlies a central mitochondrial role in 
intracellular calcium homeostasis. 

Mitochondrial ultrastructural characterization reveals the presence of an 

20 outer mitochondrial membrane that serves as an interface between the organelle and the 
cytosol, a highly folded inner mitochondrial membrane that appears to form attachments to 
the outer membrane at multiple sites, and an intermembrane space between the two 
mitochondrial membranes. The subcompartment within the inner mitochondrial membrane 
is commonly referred to as the mitochondrial matrix. (For a review, see, e.g., Ernster et al., 

25 1981, J. Cell Biol. 97:227s.) The cristae, originally postulated to occur as infoldings of the 
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inner mitochondrial membrane, have recently been characterized using three-dimensional 
electron tomography as also including tube-like conduits that may form networks, and that 
can be connected to the inner membrane by open, circular (30 nm diameter) junctions 
(Perkins et al., 1997, Journal of Structural Biology 119:260). While the outer membrane is 
5 freely permeable to ionic and non-ionic solutes having molecular weights less than about 
ten kilodaltons, the inner mitochondrial membrane exhibits selective and regulated 
permeability for many small molecules, including certain cations, and is impermeable to 
large (> -10 kDa) molecules. 

Altered or defective mitochondrial activity, including but not limited to 
10 failure at any step of the ETC, may result in catastrophic mitochondrial collapse that has 
been termed "permeability transition" (PT) or "mitochondrial permeability transition" 
(MPT). According to generally accepted theories of mitochondrial function, proper ETC 
respiratory activity requires maintenance of an electrochemical potential (A^m) in the 
inner mitochondrial membrane by a coupled chemiosmotic mechanism. Altered or 
15 defective mitochondrial activity may dissipate this membrane potential, thereby preventing 
ATP biosynthesis and halting the production of a vital biochemical energy source. In 
addition, mitochondrial proteins such as cytochrome c may leak out of the mitochondria 
after permeability transition and may induce the genetically programmed cell suicide 
sequence known as apoptosis or programmed cell death (PCD). 
20 Four of the five multi-subunit protein complexes (Complexes I, III, IV and 

V) that mediate ETC activity are localized to the inner mitochondrial membrane, which is 
the most protein rich of biological membranes in cells (75% by weight); the remaining 
ETC complex (Complex II) is situated in the matrix. In at least three distinct chemical 
reactions known to take place within the ETC, positively-charged protons are moved from 
25 the mitochondrial matrix, across the inner membrane, to the intermembrane space. This 
disequilibrium of charged species creates an electrochemical potential of approximately 
220 mV referred to as the "proton motive force" (PMF), which is often represented by the 
notation Ay or A\j/m and represents the sum of the electric potential and the pH differential 
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across the inner mitochondrial membrane {see, e.g., Ernster etal., 1981 J. Cell Biol 
91:221s and references cited therein). 

This membrane potential provides the energy contributed to the phosphate 
bond created when adenosine diphosphate (ADP) is phosphorylated to yield ATP by ETC 
5 Complex V, a process that is "coupled" stoichiometrically with transport of a proton into 
the matrix; Aym is also the driving force for the influx of cytosolic Ca 2+ into the 
mitochondrion. Under normal metabolic conditions, the inner membrane is largely 
impermeable to proton movement from the intermembrane space into the matrix, leaving 
ETC Complex V as the primary means whereby protons can return to the matrix. When, 
10 however, the integrity of the inner mitochondrial membrane is compromised, as occurs 
during MPT that may accompany a disease associated with altered mitochondrial function, 
protons are able to bypass the conduit of Complex V without generating ATP, thereby 
"uncoupling" respiration because electron transfer and associated proton pumping yields no 
ATP. Thus, mitochondrial permeability transition involves the opening of a mitochondrial 
15 membrane "pore", a process by which, inter alia, the ETC and Aym are uncoupled, Aym 
collapses and mitochondrial membranes lose the ability to selectively regulate permeability 
to solutes both small (e.g., ionic Ca 2+ , Na + , K + , H + ) and large (e.g., proteins). 

The mitochondrial permeability transition "pore" may not be a discrete 
assembly or multi-subunit complex, and the term thus refers instead to any mitochondrial 
20 molecular component (including, e.g., a mitochondrial membrane per se) that regulates the 
inner membrane selective permeability where such regulated function is impaired during 
MPT. A mitochondrial molecular component may be a protein, polypeptide, peptide, 
amino acid or derivative thereof; a lipid, fatty acid or the like, or derivative thereof; a 
carbohydrate, saccharide or the like or derivative thereof; a nucleic acid, nucleotide, 
25 nucleoside, purine, pyrimidine or related molecule, or derivative thereof, or the like; or any 
other biological molecule that is a constituent of a mitochondrion. A mitochondrial 
permeability transition pore component, also referred to as a mitochondrial pore 
component, may be any mitochondrial molecular component that regulates the selective 
permeability characteristic of mitochondrial membranes as described above, including 
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those responsible for establishing A¥m and those that are functionally modified during 
MPT. Mitochondrial pore components may also include factors that interact with 
mitochondria, for example through transient or stable association with other mitochondrial 
pore components, in a manner that regulates MPT. Examples of such factors include 
5 cyclophilins (described in greater detail below), calcium modulating cyclophilin ligand 
(CAML, see, e.g., Table 1, infra, and references cited therein) and members of the Bcl-2 
family including Bcl-2 (e.g., Green et al, 1998 Science 281:1309), Bax (Marzo et al., 1998 
Science 281:2027) and Bak (Narita et al., 1998 Proc. Nat. Acad. Sci. USA 95:14681). 

Without wishing to be bound by theory, it is unresolved whether this pore is 
10 a physically discrete conduit that is formed in mitochondrial membranes, for example by 
assembly or aggregation of particular mitochondrial and/or cytosolic proteins and possibly 
other molecular species, or whether the opening of the "pore" may simply represent a 
general increase in the porosity of the mitochondrial membrane. In any event, certain 
mitochondrial molecular components may contribute to the MPT mechanism, including 
1 5 ETC components or other mitochondrial components described herein. For example, some 
non-limiting examples of mitochondrial permeability transition pore components that 
appear to contribute to the MPT mechanism include members of the following families of 
gene products (see, e.g., Table 1, infra, and references cited therein): adenine nucleotide 
translocator (ANT); peripheral benzodiazepine receptor (PBzR; McEnery et al., 1992 Proc. 
20 Nat. Acad. USA 89:3170); PBzR-associated protein (PRAX); voltage dependent anion 
channel (VDAC, also known as porin); cyclophilin (Cyp); calcium modulating cyclophilin 
ligand (CAML); the mitochondrial calcium uniporter, mitochondria associated 
hexokinase(s) and mitochondrial intermembrane creatine kinases. 

MPT may result from direct or indirect effects of mitochondrial genes, gene 
25 products or downstream mediator molecules and/or extramitochondrial genes, gene 
products or downstream mediators. MPT may also result from other known or unknown 
causes. Loss of mitochondrial potential may be a critical event in the progression of 
diseases associated with altered mitochondrial function, including degenerative diseases. 
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Mitochondrial defects may contribute significantly to the pathogenesis of 
diseases associated with altered mitochondrial function. Such defects may be related to the 
discrete mitochondrial genome that resides in mitochondrial DNA (i.e., the mitochondrial 
chromosome) and/or to the extramitochondrial genome, which includes nuclear 
5 chromosomal DNA and other extramitochondrial DNA. For example, alterations in the 
structural and/or functional properties of mitochondrial components, including alterations 
deriving from genetic and/or environmental factors or alterations derived from cellular 
compensatory mechanisms, may play a role in the pathogenesis of any disease associated 
with altered mitochondrial function. A number of degenerative diseases are thought to be 
10 caused by, or to be associated with, alterations in mitochondrial function. These include 
Alzheimer's Disease (AD); diabetes mellitus; Parkinson's Disease; Huntington's disease; 
dystonia; Leber's hereditary optic neuropathy; schizophrenia; mitochondrial 
encephalopathy, lactic acidosis, and stroke (MELAS); cancer; psoriasis; hyperproliferative 
disorders; mitochondrial diabetes and deafness (MIDD) and myoclonic epilepsy ragged red 
15 fiber syndrome. The extensive list of additional diseases associated with altered 
mitochondrial function continues to expand as aberrant mitochondrial or mitonuclear 
activities are implicated in particular disease processes. 

A hallmark pathology of AD and potentially other diseases associated with 
altered mitochondrial function is the death of selected cellular populations in particular 
20 affected tissues, which results from apoptosis (also referred to as "programmed cell death" 
or PCD). Mitochondrial dysfunction is thought to be critical in the cascade of events 
leading to apoptosis in various cell types (Kroemer et al., FASEB J. 9:1277-87, 1995), and 
may be a cause of apoptotic cell death in neurons of the AD brain. Altered mitochondrial 
physiology may be among the earliest events in PCD (Zamzami et al., J. Exp. Med. 
25 752:367-77, 1995; Zamzami et al., J. Exp. Med. 181 : 1661-72, 1995) and elevated reactive 
oxygen species (ROS) levels that result from such altered mitochondrial function may 
initiate the apoptotic cascade (Ausserer et al., Mol. Cell. Biol. 74:5032-42, 1994). 

Thus, in addition to their role in energy production in growing cells, 
mitochondria (or, at least, mitochondrial components) participate in apoptosis (Newmeyer 
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et al., 1994, Cell 79:353-364; Liu etal., 1996, Cell 56:147-157). Apoptosis is apparently 
also required for, inter alia, normal development of the nervous system and proper 
functioning of the immune system. Moreover, some disease states are thought to be 
associated with either insufficient {e.g., cancer, autoimmune diseases) or excessive (e.g., 

5 stroke damage, AD-associated neurodegeneration) levels of apoptosis. For general reviews 
of apoptosis, and the role of mitochondria therein, see Green and Reed (1998, Science 
257:1309-1312), Green (1998, Cell 9*695-698) and Kromer (1997, Nature Medicine 
5:614-620). Hence, agents that affect apoptotic events, including those associated with 
mitochondrial components, might have a variety of palliative, prophylactic and therapeutic 

10 uses. 

The adenine nucleotide translocator (ANT) is an example of one particular 
mitochondrial pore component as provided herein. ANT, nuclear encoded polypeptide that 
is a major component of the inner mitochondrial membrane, is responsible for mediating 
transport of ADP and ATP across the mitochondrial inner membrane. For example, ANT 

1 5 is believed to mediate stoichiometric ATP/proton exchange or cotransport across the inner 
mitochondrial membrane, and ANT inhibitors (such as atractyloside or bongkrekic acid) 
induce MPT under certain conditions. Three human ANT isoforms have been described 
that differ in their tissue expression patterns and other mammalian ANT homologues have 
been described (see, e.g., Wallace etal., 1998 in Mitochondria & Free Radicals in 

20 Neurodegenerative Diseases, Beal, Howell and Bodis-Wollner, Eds., Wiley-Liss, New 
York, pp. 283-307, and references cited therein). ANT has also been implicated as an 
important molecular component of the mitochondrial permeability transition pore, a Ca 2+ - 
regulated inner membrane channel that, as described above, plays an important modulating 

role in apoptotic processes. 
25 Members of the cyclophilin family of highly conserved proteins provide an 

example of mitochondrial pore components as provided herein that are factors which, as 
described above, may stably or transiently interact with other mitochondrial pore 
components in a manner that regulates MPT. The cyclophilins (Cyps) are a family of 
ubiquitous proteins expressed in all organisms. All Cyp family members share a conserved 
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core of about 109 amino acids, but differ from one another by unique extensions that 
function in organelle and membrane transport (e.g., Walsh et al., 1992 J. Biol. Chem. 
267:13115-18). At least eight human Cyp isoforms are known, including single domain 
and two-domain cyclophilins (e.g., Taylor et al., 1997 Prog. Biophys. Mol. Biol. 67:155- 
5 81). Distinct isoforms localize to different cell compartments, including cytoplasmic, 
endoplasmic reticulum (ER), mitochondrial, and cell surface isoforms (Handler et al. 
EMBO J. 6: 947-50, 1987; Price et al. Proc. Natl. Acad. Sci. USA 88: 1903-07, 1991; 
Bergsma et al. J. Biol. Chem. 266: 23204-14; Cacalano et al. Proc Natl Acad Sci USA 89: 
4353-57, 1992). For example, and as described in greater detail below, Cyclophilin D 
1 0 (CypD) is another molecule that may regulate mitochondrial permeability. 

Cyclophilins are believed to perform multiple functions within cells. For 
example, Cyps catalyze the interconversion of cis and trans isomers of peptidylprolyl 
bonds in peptides and proteins, thereby facilitating the folding of proteins for which 
isomerization of peptidylprolyl bonds is rate limiting (see, e.g., Galat, Eur. J. Biochem. 
15 216:689-707, 1993; Fischer et al., Biochem. 29:2205-2212, 1990; Stamnes et al., Cell 
65:219-27, 1991). This peptidylproyl cis-trans-isometase activity can be blocked by the 
immunosuppressant cyclosporin A (e.g., Fruman et al., Proc. Natl. Acad. Sci. USA 
89-.3741-45, 1992). Cyp family members also appear to mediate other activities by forming 
complexes with fully folded, functional proteins (see, e.g., Jaschke et al., J. Mol. Biol. 
20 277:763-69, 1998; Ratajczk et al., J. Biol. Chem. 268:13187-92, 1993; Wu et al., J. Biol. 
Chem. 270:14209-19, 1995; Holloway et al., J. Biol. Chem. 273:16346-50, 1998; Franke et 
al., Adv. Exp. Med. Biol. 374: 217-28, 1995). 

CypD is the only mitochondrial isoform of the Cyp family identified to date. 
The human CypD polypeptide is 207 amino acids long and has an NH 2 -terminal 
25 hydrophobic extension, which may serve to transport the polypeptide across mitochondrial 
membranes to the matrix (Bergsma et al., J. Biol. Chem. 266:23204-14, 1991). Cyp D is 
believed to participate in the formation of the mitochondrial permeability transition pore by 
interacting with the voltage-dependent anion channel (VDAC) and with ANT, at contact 
sites between the mitochondrial outer and inner membranes (Crompton et al., Eur. J. 
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Biochem. 258 729-35, 1998; Woodfield etal., 1998, Biochem. J. 336:287-90). CypD 
binding to ANT may also sensitize the pore complex to Ca J+ concentration (Halestrap et al., 
Biochim. Biophys. Acta. 1366:79-94, 1998). In vitro, relatively high Ca 2+ concentrations 
increase mitochondrial membrane permeability, resulting in free diffusion of low molecular 
5 weight solutes across the inner membrane (e.g., Halestrap et al., Mol. Cell. Biochem. 
174:167-172, 1997; Hunter et aL, Arch. Biochem. Biophys. 195:453-59, 1979). Oxidative 
stress, adenine nucleotide depletion and decreased membrane potential may also increase 
mitochondrial permeability (e.g., Bernardi et al., J. Bioenerg. Biomembr. 26:509-17, 1994; 
Zoratti et al., Biochim. Biophys. Acta 1241:139-76, 1995). This opening of the 
10 mitochondrial permeability transition pore may be an event in the pathogenesis of diseases 
associated with altered mitochondrial function, such as those described above. For 
example, MPT may contribute to necrotic cell death following vascular 
ischemia/reperfusion injury as may occur following cardiac bypass surgery, thrombolysis 
and organ transplantation (e.g., Halestrap et al., Biochem. Soc. Trans. 21:353-58, 1993; 
15 Halestrap et al., Mol. Cell. Biochem. 174:167-172, 1997). As another example, a VDAC- 
ANT-CypD complex may also participate in mitochondrial outer membrane rupture 
resulting in the release of apoptogenic proteins from the intermembrane space (e.g., Petit et 
al., FEBS Lett. 426:1 1 1-16, 1998; Marzo et al. J. Exp. Med. 187:1261-71, 1998). 

To provide improved therapies for diseases associated with altered 
20 mitochondrial function such as those discussed above, agents that alter mitochondrial 
permeability transition may be beneficial, and assays to specifically detect such agents are 
needed. The present invention fulfills these needs and further provides other related 
advantages. 

SUMMARY OF THE INVENTION 
25 The present invention is directed to assays for identifying and using agents 

that alter mitochondrial membrane permeability transition, and to related compositions and 
methods. In one aspect, the invention provides a nucleic acid expression construct 
comprising a promoter operably linked to a polynucleotide encoding a mitochondrial 
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permeability transition pore component polypeptide fused to an energy transfer molecule 
polypeptide, or a variant thereof. In one embodiment the mitochondrial permeability 
transition pore component is an adenine nucleotide translocator, which in certain further 
embodiments is human ANT1, human ANT2 or human ANT3. In one embodiment the 
5 mitochondrial permeability transition pore component is porin, hexokinase, creatine kinase, 
PRAX, CAML or the peripheral benzodiazepine receptor. The invention also provides, in 
certain' embodiments, a nucleic acid expression construct comprising a promoter operably 
linked to a polynucleotide encoding a cyclophilin polypeptide fused to an energy transfer 
molecule polypeptide, or a variant thereof. In one embodiment the cyclophilin is 
10 cyclophilin D, and in other embodiments the cyclophilin is human cyclophilin A, 
cyclophilin B, human cyclophilin C or human Cyp-60. In certain embodiments the 
expression construct comprises a vector that is a plasmid, a cosmid, a shuttle vector, a viral 
vector or a vector comprising a chromosomal origin of replication. In certain embodiments 
the vector comprises a plasmid that is pBAD-His, pEYFP-Cl or pECFP-Nl . 
15 According to certain embodiments of the invention, the promoter is 

externally regulated. In some embodiments the energy transfer molecule is a green 
fluorescent protein (GFP), a FLASH sequence or an aequorin protein. In certain further 
embodiments the green fluorescent protein is blue-shifted GFP, cyan-shifted GFP, red- 
shifted GFP or yellow-shifted GFP. In certain other embodiments the energy transfer 
20 molecule is a derivative of an energy transfer molecule selected that is a green fluorescent 
protein (GFP), a FLASH sequence or an aequorin protein. 

In another aspect, the invention provides a polypeptide comprising a 
mitochondrial permeability transition pore component polypeptide fused to an energy 
transfer molecule polypeptide, or a derivative thereof. In certain embodiments the 
25 mitochondrial permeability transition pore component is an adenine nucleotide 
translocator, which in certain further embodiments is human ANT1, human ANT2 or 
human ANT3. In certain other embodiments the mitochondrial permeability transition pore 
component is porin, hexokinase, creatine kinase, PRAX, CAML or the peripheral 
benzodiazepine receptor. In another embodiment the invention provides a polypeptide 
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comprising a cyclophilin polypeptide fused to an energy transfer molecule polypeptide, or a 
derivative thereof. In certain embodiments the cyclophilin is cyclophilin D, and in certain 
other embodiments the cyclophilin is human cyclophilin A, cyclophilin B, human 
cyclophilin C or human Cyp-60. In certain embodiments the energy transfer molecule is a 
5 green fluorescent protein (GFP), a FLASH sequence or an aequorin protein. In certain 
further embodiments, the green fluorescent protein is blue-shifted GFP, cyan-shifted GFP, 
red-shifted GFP or yellow-shifted GFP. 

Turning to another aspect, the invention provides a host cell for identifying 
agents that alter mitochondrial permeability transition, comprising (a) a first nucleic acid 
10 expression construct, comprising a promoter operably linked to a polynucleotide encoding 
a mitochondrial permeability transition pore component polypeptide fused to a 
polynucleotide encoding a first energy transfer molecule or a variant thereof; and (b) a 
second nucleic acid expression construct, comprising a promoter operably linked to a 
polynucleotide encoding a cyclophilin polypeptide fused to a polynucleotide encoding a 
1 5 second energy transfer molecule or a variant thereof, wherein binding of the mitochondrial 
permeability transition pore component polypeptide to the cyclophilin polypeptide results 
in detectable energy transfer between the first and second energy transfer molecules. In 
certain embodiments the mitochondrial permeability transition pore component is an 
adenine nucleotide translocator, which in certain further embodiments is human ANT1, 
20 human ANT2 or human ANT3. In certain other embodiments the mitochondrial 
permeability transition pore component is porin, hexokinase, creatine kinase, PRAX, 
CAML or the peripheral benzodiazepine receptor. In certain embodiments the cyclophilin 
is human cyclophilin A, cyclophilin B, human cyclophilin C or human Cyp-60. In certain 
other embodiments the host cell is a prokaryotic cell, and in certain other embodiments the 
25 host cell is a eukaryotic cell. In certain further embodiments the eukaryotic cell is a 293, 
COS-7, Sf9, CHO, Hep-2, MDCK or Jurkat cell. In certain other embodiments the first 
and second energy transfer molecules are green fluorescent protein (GFP), blue-shifted 
GFP, cyan-shifted GFP, red-shifted GFP or yellow-shifted GFP. In certain other 
embodiments the first and second energy transfer molecules have an excitation maximum 
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at a wavelength ranging from 300 nm to 650 nm, and an emission maximum at a 
wavelength ranging from 350 nm to 675 nm. In certain other embodiments the first energy 
transfer molecule and the second energy transfer molecule have excitation and emission 
maxima at different wavelengths. In still other certain embodiments at least one nucleic 
5 acid expression construct is extrachromosomal, while in other embodiments at least one 
nucleic acid expression construct is integrated into a host cell chromosome. In certain 
further embodiments the host cell chromosome is a mitochondrial chromosome. 

It is yet another aspect of the invention to provide a method for screening for 
an agent that alters mitochondrial permeability transition (MPT), comprising the steps of 
10 (a) contacting a host cell, according to the invention as described above, comprising a 
mitochondrion with a candidate agent and an inducer of MPT; (b) exposing the cell to an 
excitation energy; (c) detecting a level of energy transfer between the first and second 
energy transfer molecules; and (d) comparing the level of energy transfer to a first reference 
level generated in the absence of candidate agent, and therefrom identifying an agent that 
15 alters MPT. In one embodiment the host cell is further contacted with an inhibitor of MPT 
to generate a second reference level, and in a further embodiment the inhibitor of MPT is 
low pH, inducers of high mitochondrial membrane potential or cyclosporin A. In another 
embodiment the inducer of MPT is atractyloside or bonkrekic acid. In another embodiment 
the inducer of MPT comprises a compound that increases Ca +2 concentration in the 
20 mitochondria, and in certain further embodiments the compound is an ionophores, 
ionomycin, thapsigargin, amino acid neurotransmitters, glutamate, N-methyl-D-aspartic 
acid, carbachol, apoptogens, or an inducer of potassium depolarization. In another 
embodiment, the host cell is further contacted with an inducer of oxidative stress, and in 
certain further embodiments the inducer of oxidative stress is ethacrynic acid, buthionine 
25 sulfoximine, diamide, menadione, /-butyl hydroperoxide, phenyl-arsine oxide or nitric 
oxide. In certain other embodiments the candidate agent increases energy transfer between 
the first and second energy transfer molecules, while in certain other embodiments the 
candidate agent decreases energy transfer between the first and second energy transfer 
molecules. In another embodiment the first and second energy transfer molecules are green 
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fluorescent protein (GFP), blue-shifted GFP, cyan-shifted GFP, red-shifted GFP or yellow- 
shifted GFP. in some embodiments the excitation energy is light with a wavelength 
ranging from 300 nm to 650 nm. In other embodiments the first and second energy transfer 
molecules have an excitation maximum at a wavelength ranging from 300 nm to 650 nm, 
5 and an emission maximum at a wavelength ranging from 350 nm to 675 nm. 

In certain other embodiments the first energy transfer molecule and the 
second energy transfer molecule have excitation and emission maxima at different 
wavelengths. In certain other embodiments (a) the first energy transfer molecule has an 
excitation maximum at a wavelength ranging from 400 nm to 500 nm and an emission 
10 maximum at a wavelength ranging from 450 nm to 525 nm, and the second energy transfer 
molecule has an excitation maximum at a wavelength ranging from 450 nm to 525 nm and 
an emission maximum at a wavelength ranging from 500 nm to 550 nm; or (b) the second 
energy transfer molecule has an excitation maximum at a wavelength ranging from 400 nm 
to 450 nm and an emission maximum at a wavelength ranging from 450 nm to 500 nm, and 
1 5 the first energy transfer molecule has an excitation maximum at a wavelength ranging from 
500 nm to 525 nm and an emission maximum at a wavelength ranging from 525 nm to 550 
nm. In certain other embodiments (a) the first energy transfer molecule has an excitation 
maximum at a wavelength of about 433 nm and an emission maximum at a wavelength of 
about 475 nm, and the second energy transfer molecule has an excitation maximum at a 
20 wavelength of about 51 3 nm and an emission maximum at a wavelength of about 527 nm; 
or (b the second energy transfer molecule has an excitation maximum at a wavelength of 
about 433 nm and an emission maximum at a wavelength of about 475 nm, and the first 
energy transfer molecule has an excitation maximum at a wavelength of about 513 nm and 
an emission maximum at a wavelength of about 527 nm. 
25 The present invention provides, in another aspect, a method for detecting an 

agent that alters mitochondrial permeability transition (MPT), comprising the steps of (a) 
contacting a cyclophilin D polypeptide with an adenine nucleotide translator polypeptide 
and a candidate agent, under conditions and for a time sufficient to permit the cyclophilin 
D, adenine nucleotide translator, and the candidate agent to interact; and (b) detecting a 
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level of binding of cyclophilin D polypeptide to adenine nucleotide translocator 
polypeptide, relative to a level of binding detected in the absence of the candidate agent, 
and therefrom detecting an agent that alters MPT. In certain embodiments the cyclophilin 
D polypeptide is immobilized on a support, and in certain embodiments the cyclophilin D 
5 polypeptide is a fusion protein. In certain other embodiments the adenine nucleotide 
translocator polypeptide is immobilized on a support, and in certain embodiments the 
adenine nucleotide translocator polypeptide is a fusion protein. In certain further 
embodiments the fusion protein comprises a protease recognition sequence, while in certain 
other further embodiments the fusion protein comprises a ligand for a receptor. In certain 
10 other embodiments the candidate agent is a peptide, a polypeptide, a protein or a small 
molecule. In some embodiments the candidate agent is a small molecule present within a 
combinatorial library. The invention thus also provides in certain embodiments an agent 
capable of altering mitochondrial permeability transition, wherein the agent is identified by 
the methods just described. In certain other embodiments the invention provides a method 
15 for altering survival of a cell, comprising contacting a cell with an agent identified 
according to the methods just described, under conditions and for a time sufficient to 
modulate cell survival. In certain other embodiments, the invention provides a method for 
altering mitochondrial permeability transition (MPT), comprising contacting a 
mitochondrion with an agent identified according to the methods just described, under 
20 conditions and for a time sufficient to alter MPT. In certain further embodiments the 
mitochondrion is present within a cell. In certain further embodiments the cell is present 
within a living organism. In other embodiments the cell is a cybrid cell. 

In still another aspect the present invention provides a method for preparing 
a mitochondrial permeability transition pore component polypeptide fused to an energy 
25 transfer molecule, comprising the steps of (a) culturing a host cell comprising a nucleic 
acid expression construct that encodes a fusion protein comprising an adenine nucleotide 
translocator polypeptide or a derivative thereof fused to an energy transfer molecule 
polypeptide or a derivative thereof, under conditions that permit expression of the fusion 
protein; and (b) recovering the fusion protein from the culture. In certain embodiments the 
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mitochondrial permeability transition pore component is an adenine nucleotide 
translator, which in certain further embodiments is human ANT1, human ANT2 or 
human ANT3. In certain other embodiments the mitochondrial permeability transition pore 
component is porin, hexokinase, creatine kinase, PRAX, CAML or the peripheral 
5 benzodiazepine receptor. In another embodiment the invention provides a method for 
preparing a cyclophilin polypeptide fused to an energy transfer molecule, comprising the 
steps of (a) culturing ahost cell comprising a nucleic acid expression construct that encodes 
a fusion protein comprising a cyclophilin polypeptide or a derivative thereof fused to an 
energy transfer molecule polypeptide or a derivative thereof, under conditions that permit 
10 expression of the fusion protein; and (b) recovering fusion protein from the culture. In 
certain embodiments the cyclophilin polypeptide is a cyclophilin D polypeptide, and in 
certain other embodiments the cyclophilin polypeptide is human cyclophilin A, cyclophilin 
B, human cyclophilin C or human Cyp-60. In certain embodiments the host cell is a 
prokaryotic cell, and in certain other embodiments the host cell is a eukaryotic cell, which 
15 in certain further embodiments is a 293, a COS-1, a COS-7, a SO. a CHO, a Hep-2, a 
MDCK or a Jurkat cell. In other embodiments, the nucleic acid expression construct is 
extrachromosomal. In other embodiments, the nucleic acid expression construct is 
integrated into a host cell chromosome, which in certain further embodiments is a 
mitochondrial chromosome. In certain other embodiments the fusion protein comprises a 
20 recognition sequence for a protease, and in certain other embodiments the fusion protein 

comprises a ligand for a receptor. 

In certain other embodiments the invention provides a kit for screening for 
agents that alter mitochondrial permeability transition, comprising (a) an isolated 
cyclophilin D polypeptide or a derivative thereof; (b) an isolated adenine nucleotide 
25 translator polypeptide or a derivative thereof; and (c) a detection reagent that specifically 
binds to at least one of the foregoing polypeptides. In certain embodiments the cyclophilin 
D polypeptide is immobilized on a support. In certain other embodiments the adenine 
nucleotide translocator polypeptide is immobilized on a support. In other embodiments the 
detection reagent is an antibody or antigen-binding fragment thereof. In another 
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embodiment the invention provides a kit for screening for agents that alter mitochondrial 
permeability transition (MPT), comprising (a) a host cell; (b) a first nucleic acid expression 
construct, comprising a promoter operably linked to a polynucleotide encoding an adenine 
nucleotide translator polypeptide fused to a first energy transfer molecule or a variant 

5 thereof; and (c) a second nucleic acid expression construct, comprising a promoter operably 
linked to a polynucleotide encoding a cyclophilin D polypeptide fused to a second energy 
transfer molecule or a variant thereof. In a further embodiment the host cell is a 
prokaryotic cell, and in a different further embodiment the host cell is a eukaryotic cell, 
which in certain further embodiments is a 293, a COM, a COS-7, a SB. a CHO, a Hep-2, 

10 a MDCK or a Jurkat cell. In certain other embodiments, the first and second energy 
transfer molecules are green fluorescent protein (GFP), blue-shifted GFP, cyan-shifted 
GFP, red-shifted GFP or yellow-shifted GFP. 

These and other aspects of the present invention will become apparent upon 
15 reference to the following detailed description and attached drawings. All references 
disclosed herein are hereby incorporated by reference in their entireties as if each was 
incorporated individually. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide sequences of the coding regions of human 
20 ANT1 ("ANTlm"), human ANT2 ("ANT2m") and human ANT3 ("ANT3m"). 

Figure 2 shows the polypeptide sequences of human ANT1 ("ANTlp"), 
human ANT2 ("ANT2p") and human ANT3 ("ANT3p")- 

Figure 3 shows induction of His-Tagged, XPRESS™-epitope containing 
huANT3 protein in E. coli as determined by Western analysis. 
25 Figure 4 shows the localization of His-Tagged, XPRESS™-epitope 

containing huANT3 protein in E. coli as determined by Western analysis. 

Figure 5 shows the expression of human ANT3 (huANT3) in E. coli 
expression systems. 
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Figure 6 shows the expression of huANT3 in baculovirus-infected Sf9 cells. 
Figure 7 shows the nucleotide sequence (SEQ ID NO:26) and amino acid 
sequence (SEQ ID NO:27) of human cyclophilin A (huCypA). 

Figure 8 shows the nucleotide sequence (SEQ ID NO:39) and amino aod 
5 sequence (SEQ ID NO:40) of human cyclophilin D (huCypD). 

Figure 9 shows the results of an assay that measures interactions between 

human ANT3 and human CypD. 

Figure 10 shows Northern blot analysis of huANT3 transcripts detected m 
yeast expression systems. Lane contents: lane «M » molecular weight markers (positions of 
10 14 24 44 7 5 and 9.5 kilobase markers indicated); lanes 1-3, 10 ug of RNA from three 
independent isolates of mock transformed AAC" yeast; lanes 4-6, 10 ug of RNA from three 
independent isolates of AAC" yeast transformed with pMKSC (pYPGE2-huANT3); lanes 
7-9 10 ug of RNA from three independent isolates of AAC" yeast transformed wuh 
pMKSB (pYESTrp2-huANT3); lanes 10 and 1 1, 0.2 (lane 10) and 0.8 (lane 1 1) ug of RNA 

1 5 prepared from samples of human spleen. 

Figure 1 1 shows western immunoblot analysis of the stability of GST-CypD 

binding to huANT3-containing T. ni cell submitochondrial particles, using anti-CypD 
antibody for detection. CsA, cyclosporin A; s, supernatant; p, pellet. 

Figure 12 shows rotamase activity of GST-CypD fusion proteins. 
20 Figure 13 shows rotamase activities of GST-Cyp and, His-CypD fusion 

proteins, and or recombinant CypD recovered following enterokinase (Ek) cleaveage of 

CypD fusion protein. 

Figure 14 shows western immunoblot analysis of GST-CypD binding to 

proteoliposomes reconstituted with huANT3 and bacteriorhodopsin. 
25 Figure 15 shows western immunoblot analysis of GST-CypD binding to 

proteoliposomes reconstituted with bacteriorhodopsin (BR PLS) or with huANT3 and 
bacteriorhodopsin (ANT/BR). 
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DETAILED DESCRIPTION OF THE INVENTION 

As noted above, the present invention provides compositions and assays for 
use in identifying agents that alter mitochondrial permeability transition (MPT). The 
invention thus relates generally to the surprising discovery that alteration of mitochondnal 
permeability transition can be predicted and/or observed by detecting interactions between 
selected pairs of mitochondrial permeability transition pore components that have been 
modified to provide energy transfer molecule fusion polypeptides, as described herein. The 
invention therefore contemplates exploitation of such interactions wherein any pair of 
mitochondrial pore component polypeptides may be fused to suitable energy transfer 
molecules for use in the methods provided herein, according to the instant disclosure. 
Although the present disclosure describes various embodiments wherein interaction is 
detected between a mitochondrial permeability transition pore component (which in certain 
embodiments is an adenine nucleotide translator polypeptide) and a cyclophilm 
polypeptide, the invention is not intended to be so limited and relates generally to 
interactions between a first and a second mitochondrial pore component. 

Thus, for example, the present invention is directed more specifically in 
certain embodiments to adenine nucleotide translator (ANT) and cyclophilin D (CypD) 
polypeptides, such as fusion proteins; to nucleic acid expression constructs encoding such 
polypeptides; and to screening methods for detecting natural and synthetic agents (e.g., 
small molecules, ANT ligands and CypD ligands) that interact with such polypeptides 
and/or complexes thereof. However, the spirit and scope of the various embodiments 
disclosed herein are not intended to be limited to ANT-cyclophilin interactions, but instead 
are intended to encompass interactions between any mitochondrial pore components as 
provided herein, including interactions involving pore components that are factors which 
5 interact with mitochondria, for example through transient or stable association with other 
mitochondrial pore components, in a manner that regulates MPT. 

As noted above, the selective permeability of the inner mitochondrial 
membrane requires proper functioning of the ETC to maintain an electrochemical potential 
along the membrane. Adenine nucleotide translator (ANT) is believed to mediate 
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ATP/proton exchange or cotransport across the inner mitochondrial membrane, and to 
specifically bind with cyclophilin D (CypD) to potentiate, under certain conditions, 
formation of the MPT "pore - The role in MPT of these and other mitochondrial molecular 
components, and factors influencing such components, may be investigated using the 
5 methods provided herein. In certain preferred aspects, the present invention pertams to 
binding and functional assays wherein an interaction between ANT and CypD is detected 
to screen for and identify agents that alter MPT. 

Adenine Nucleotide Translocator (Ant) And Cyclophilin D (CypD) 
Polypeptides 

10 The present invention is directed generally to adenine nucleotide 

translocator (ANT) and cyclophilin D (CypD) polypeptides, such as fusion protein, Such 
polypeptides may comprise any ANT or CypD isoform. The present invention further 
provides methods for producing recombinant ANT and CypD polypeptides, includmg 
fusion proteins, by culturing host cells containing ANT-encoding and/or CypD-encodmg 

15 nucleic acid expression constructs. The invention is also directed to methods for screenmg 
for agents that alter MPT using isolated recombinant ANT and CypD polypeptides (such as 
fusion proteins). 

The polypeptides and nucleic acids of the present invention are preferably 
provided in an isolated form, and in certain preferred embodiments are purified to 
20 homogeneity. As used herein, the term "isolated" means that the material is removed from 
its original environment (e.g., the natural environment if it is naturally occumng). For 
example, a naturally occurring nucleic acid or polypeptide present in a living animal is not 
isolated, but the same nucleic acid or polypeptide, separated from some or all of the co- 
existing materials in the natural system, is isolated. Such nucleic acids could be part of a 
25 vector and/or such nucleic acids or polypeptides could be part of a composition, and still be 
isolated in that such vector or composition is not part of its natural environment. 

ANT and CypD polypeptides as provided herein may comprise one or more 
deduced amino acid sequences of Figures 1 and 8 [SEQ ID NOS:_ and _J. Alternatively, 
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such polypeptides may comprise one or more polypeptide sequences encoded by 
ANT/CypD nucleic acid expression constructs as provided herein. Polypeptxdes 
comprising fragments, analogs and derivatives of such polypeptide sequences, as well as 
fusion proteins, are further contemplated As used herein, the terms 'fragment, 
"derivative" and "analog" when referring to ANT and CypD polypeptides or fus.n 
proteins, refer to any ANT and CypD polypeptides or fusion proteins that retain essentxally 
the same biological function or activity as such polypeptide. For example, an analog may 
be a proprotein that can be activated by cleavage to produce an active ANT and/or CypD 
polypeptide. The polypeptide of the present invention may be a recombinant polypeptrde 
, or a synthetic polypeptide, and is preferably a recombinant polypeptide. 

A fragment, derivative or analog of an ANT or a CypD polypeptide, 
including ANT and CypD polypeptides and fusion proteins encoded by the nucleic acid 
expression constructs, may be (i) one in which one or more of the amino acid residues are 
substituted with a conserved or non-conserved amino acid residue (preferably a conserved 
5 amino acid residue) and such substituted amino acid residue may or may not be one 
encoded by the genetic code, (ii) one in which one or more of the amino acid residues 
includes a substituent group, (hi) one in which the ANT and/or CypD polypeptides are 
fused with another compound, such as a compound to increase the half-life of the 
polypeptide (,*., polyethylene glycol), and/or (iv) one in which additional amino acids are 
,0 fused to the ANT and/or CypD polypeptides, including amino acid sequences that are 
employed for detection of the ANT and/or CypD polypeptide as described in greater detad 
below and/or for purification of the ANT/CypD polypeptide or a proprotein sequence. 
Such fragments, derivatives and analogs are deemed to be within the scope of those stalled 

in the art from the teachings herein. 
25 Within certain methods provided herein, bacterial, insect, yeast and/or 

mammalian expression systems can be designed for reliable production of detectable 
recombinant ANT and/or CypD polypeptides in significant quantities. In certam 
embodiments, compositions and methods for producing recombinant ANT and CypD 
fusion proteins are provided, wherein the fusion proteins comprise energy transfer molecule 
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polypeptide sequences. Within certain of these and other embodiments, compositions and 
methods are provided for producing detectable recombinant ANT fusion proteins and 
CypD fusion proteins from an externally regulated promoter. In certain preferred 
embodiments, the design of such expression systems includes the use of a host cell that 

includes at least one mitochondrion. 

ANT and CypD polypeptides, such as fusion proteins, may be useful within 
intact host cells, or in preparations of intact organelles such as mitochondria, cell 
membranes or intracellular vesicles. Such polypeptides may further be useful in disrupted 
cell preparations including, but not limited, to cell homogenates or lysates, 
submitochondrial particles, uni- and multi-lamellar membrane vesicles or other 
preparations. Alternatively, the ANT and CypD polypeptides can be recovered and 
purified from recombinant cell cultures by methods including ammonium sulfate or ethanol 
precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose 
chromatography, hydrophobic interaction chromatography, affinity chromatography, 
15 hydroxylapatite chromatography and lectin chromatography. Protein refolding steps can be 
used, as necessary, in completing configuration of the functional protein. Finally, high 
performance liquid chromatography (HPLC) can be employed for final purification steps. 

The polypeptides of the present invention may be a naturally purified 
product, a product of chemical synthetic procedures, or a product of recombinant 
20 techniques from a prokaryotic or eukaryotic host (for example, bacterial, yeast, higher 
plant, insect or mammalian cells in culture). Depending upon the host employed in a 
recombinant production procedure, the polypeptides and fusion proteins of the present 
invention may be glycosylated or may be non-glycosylated. Polypeptides may also include 
an initial methionine amino acid residue. 
25 The compositions and methods provided herein can be adapted to any 

prokaryotic or eukaryotic ANT, including plant and animal ANTs, which may further 
include, for example, yeast, vertebrate and mammalian ANTs, including rodent, non- 
human primate and human ANTs, for which amino acid sequences and/or encoding nucleic 
acids will be known to those familiar with the art. Three human ANT (huANT) isoforms 
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have been described that differ in their tissue expression patterns (Stepien et al., 1992 J. 
Biol Chem 267:14592; see also Wallace et al., 1998 in Mitochondria & Free Radicals m 
Neurodegenerative Diseases, Beal, Howell and Bodis-Wollner, Eds., Wiley-Liss, New 
York pp 283-307, and references cited therein). Nucleic acid sequences for cDNAs (see 
5 Neckelmann et al., Proc. Natl Acad. Sci. U.S.A. S*7580-7584 (1987) forhuANTl cDNA; 
Battini et al., J. Biol. Chem. 262:4355-4359 (1987) for huANT2 cDNA, and Cozens et al., 
j Mo l Biol. 206:261-280 (1989) for huANT3 cDNA) and amino acid sequences for these 
three human ANT isoforms have been reported; and ANT gene sequences have been 
determined for a number of species (see, e.g., Li et al., 1989 J. Biol. Chem. 264:13998 for 
10 huANTl genomic DNA; Liew et al. GenBank Acc. No. N86710 for huANT2; Shinohara 
et al 1993 Biochim. Biophys. Acta 1 152:192 for rat ANT gene; for others see also, e.g.. Ku 
etal., 1990 J. Biol. Chem. 265:16060; Adams etal., 1991 Science 252:1651; and WO 
98/19714 ) ANT sequences among mammalian species are highly conserved; for example, 
at the amino acid level murine ANT1 and ANT2 exhibit 98% sequence identity with 
15 human ANT2. Full length amino acid sequences of at least 29 ANT proteins have been 
reported to date from a variety of animal and plant species, with most of these deduced 
from nucleic acid sequences (Fiore et al., 1998 Biochimie 80:137-150). 

Similarly, the compositions and methods of the present invention may also 
be adapted to any prokaryotic or eukaryotic Cyp such as a CypD, including plant and 
20 animal CypDs, which may further include, for example, yeast, parasite, invertebrate, 
rodent, and human CypDs, for which amino acid sequences and/or encoding nucleic adds 
will be known to those familiar with the art (see, e.g., Table 1, infra). In addition to the 
nucleic and amino acid sequences of three human CypD (also known as Cyp3) isoforms 
(see, e.g., Bergsma et al., 1991, J. Biol. Chem. 266: 23204-14, GenBank Acc. No. M80254 
25 for cDNA and Acc. No. AAA58434 for deduced amino acid sequence of human Cyp3), 
CypD sequences from other species have been reported (see, e.g., GenBank Acc. No. 
U68544 for cDNA and No. AAB08453 for deduced amino acid sequence of rat CypD). 

The polypeptides of the present invention include ANT and CypD 
polypeptides and fusion proteins having amino acid sequences that are identical or similar 
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^ , and/o, , of ft. coding seguc.ee fo, the ANT o, CypD polypeptide (* 
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Z» . ^ or w oto regu,a,w TT* 

h ! a JLv encompass ,*-*•«»• the. m.l»d. -* 

coding and/or non-coding sequences). . M 
Tn. pes™, invention forth* * » -arts of ft. h.mm descnbed 

^ whioh ma, encode M - *— * ™ 

,0 ^poiypopddes. Foe example, the human ANT1, ANT2 and ANT3 

■SEQ .DNOS_J o, any ANT and CypD po.ypephdes may he nsed. The van-. . to 
ISEq —• be ^rf, oooitrtng alleho 

nucleic acid sequences encoding ANTS ana cypus , t ., rt . n 
™ m ,sof t henuc 1 eio.oid S .,non. M mm,l y .ocu tri » 8 v»» K .A Sl s k no™m te «,» 

! loo, doleuon o, addihon n f one . mom — . « - -* £ * 
aher funo,i.n of ho. ence-od ANT and CypD pofy^ ^ 
invenhon mcludes, foe eaamp.o, nudeic aoids encoding mo «. "* *° 
^ndoo as shown in Pigum, a and S [SEQ ■D.NOgJ - - - - - 

» nucL «ids, which encode . nugmem, «— oe -g of any of ,h. 

polypeptidosofFignieslandSlSEQIttNOSJ. 

Vari- aod dnrtvahvos of ANT and CypD may be ohhnned by mmanon, 
ot „u.,„ud. acuences encoding ANT ano C W D polypeptides, mspeohvoly. 

na.lv. „ni„o aoid s.,uono. may b. .«omp,ishod by »y of . numb, of 
25 1— ** Mu^o»b.,nhod»^..p^loelby « 

Z— — • — — — by TT t ^ 
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"^11 = deleled o, ^ - - — ** 

«*" ^ C :IZC- in wbfcb KEX2 pro,e«e .** is BP 

2 , 2>914 drsoloaea » ^ ° f ^^^^.ei-v.edby deling, 
pressing sites ma protean. KEX2 prote P 

^ or — » - ".A* ^-«^.» ^ 

„f tw adiacent basic residues. Lys-Lys pairing* <u 
the occurrence of these adjacent □ Lys-Lys 

» suable » «B» uleuvuue, and «— of 

A seated molecule, for example a truncated ANT or CypD polyp P 

25 and CypD potypepddes, and in car- en,bod,n*»ls t. ■ P 

en^-^pmypeptides. ^^^."*^ lU wheresu eh 
full ,en*b — * a^uenee of o c— « dubbed nu.,0,0 «— ^ 
, taow „ o, described nuuleio aoid tnoleuule may be . nutuntlly «»» 1* 
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5 _ — — — -t^ — - - 

"•n: u o ,t ^ — — — add moto,es *t 

rccognradnsoMtofthesen length mRNA transcript, which 

^respond ,o . mRNA science oon„rn I- «- * ^ 

10 non-functional sequences. In other preterr 

• i ec than the full length amino acid sequence ot a param 

,5 full length molecule, for example, as rn the case ot trun 
doMonftom»nr»,.t« n inalreg,onofthcmotal«,wh=r 

rf ,-,500 conognons nue,eonde or amino odd reaidoes, prefentb,, ,-500 eonngo 
20 1,1. or JL acid reaidoen - mom prerem* ,,00 -MP- — * - 

""TU or ANT and OpD — «on - - — — 
f ATdT an( , CvoD struc tural domains that are responsible for 

srr^: ::r t .. — * r r r - = 

p , a on^w tn VDAC (Crompton et al., Wy* 

Lponents in - -or o f mitochondria, mnooon * 

embodiments o f me invention, doteembly M (e.g.. — « *— > 
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^ to — of mpt , 0 - ^-jzzzxz: 

d„m« i »wio,apa«icul„ mM chond„al<»oc n .n(«*. mtochon « 
5 p OT .. a bil%,Wuo.ionof.pop«s,*).lnoo«a 1 n.th«, 

action of p-onlar „d the to As also described ,» greater 

intemctions such a, recognition and taxb, and the to A 

d.tai, — ANT -0, ^ ^ to , ai : AOT 

,0 m ol«oo.„ .argots for use in screening assays deetgned ,0 .denrif, X 

a- , „ W 70% preferably " 1«* *»»■ m0re P 1 ^ ^ ta * 
^ccs dtaplay «. b»t 70/., ore ^ 

» tdenlity lo a native ANT or CypD sequence. More £ ^ „ ucleic rf 

^t^rrxr^^byb^on-^ 

* nudotc aoid fences ft. bybridtz. to ANT- « CypD encnd . P J» 
„, acnvity of an ANT o, CypD polypepbde encoded by a cDNA 

As nsed bore,, » nncteobde ponces „ said to -« 

-— -"•"•T.Tri 

„. 1 n v <;<;PE or SSC, 0.1% SDa, 
0.1% SDS, 50°C; and low stringency. 1.0 x SSPb or ^ , 
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The present invention also relates .0 nucleic acid vectors and coosttuCs that 
in.ude nudum .old avenues o t the peeaeo, M - * ~ ^ 

.ipmssion condors" ft. * -» >*— «" °* ™ " ' ^ 

J^de . pm.ded above; ,0 host cells t* . * peered w«h v.crom 

CypD polypes o, biochemid -d generic « ANT and 

J y ho express* 10 — . cells, yeast, b— . - — «* ™ to - ° 
J^P^^.Co.l-^^oo^-^b.e^.oved^oce- 

zl ^ *— *• «* — - 77 7:: 

,„ Appropri., . cloning «d expression vectors foe use with pcoharyoric ~ « 
Jdl^ to ^b y S^«-,~^:^™^«--. 
Second Edition, Cold Spring Ha*rr, NY, (.98,,, and may include plasr-a, cosm* 
shonle vector ™1 vecttrs and vectors comprising a chromosomal origin of rephcatron as 

disclosed therein. t A 

,, The nucleic odd ..pmsaion consort* of dre present iuveutron may encode 

ANT .nd-or CypD polypoprid*. such as msion pro.* useful in screoniug for agon* dr* 
.her MPT, as dashed herein Accordingly, nucleic acid expression — may 
comprise a promote, operebly United to . polynucleotide ancodmg » ANT r CypD 
pmypepride fbsed ,o . energy U»afer mo,=cu>e polypeptide. A host CI, a. deaonbrf 
2 0 below, tbtf bod, . ANT polypeptide M . . ft* energy «mo* mo eonle 

pn^de and a CypD poly^de M » . second energy tmusre, -«-. 
poLdde (and wherein suirahle « and energy _fe mo,e»le polyp^O « 

ITLd aa describe nemm) may b. u*d, fo, example, in . FRET assay .. rdenbfy 
^ d», alrer MPT. 0— *, nucleic acid expression vectors include ongrns of 
2S replioiou and selecUble permitting de.eot.bU tre—ion of dre boa. cA 

' d,. m ,pioiH i „ re sisUncgeneofE.co/,»dS.oe re v i ri«TRP. gone, and a promote 
d^ved torn . highly^ssed gene . dire« of a d„wnsrieam s«uc«. 

s e,„»ce. Snob promoters c. be derived 4cm opemos encoding glycolytic enures such 
. 3-phosphogly^ kinase (PGK), a-fner, acid phosphatase, o, he., shook prorems. 
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, m heterolog0 us structural sequence is assembled in appropriate phase 
among others. The heteroiogo rationally, the heterologous 

^ n^lanon ttt*. and —on seances. <*-** 

^ce . - • — -* — - ^ ;;7^j, ta or simplified 
ito.ifio.non to«« deaned eharaetensto, «*. 

wtaM e — InnUbon ana — sig».s . 

.tofioma, promo,.,. The consbuc, ma, compnse " « ~ ^ ^ „ 

- — — r.srr :rr.£.— — 

, Wn the eenera Pseudomonas, Streptomyces, and Stapnyloco 
otherTmay^so^m employed as a matter of choice. Any other plasmid or vector may be 

,0m commercially avail* P— compnstng geneh e,«m», o 

»■•»? (ATCC 37017). Snch commercial vectors include, mr ex r 
Coning veoror pBR322 (ATCC* ^ pQEMi ^ ^ 

20 pKK223-3 (Pl««maotaFm=Chem.c.ls,upp S „„ te combined with an 

Madison, WI, USA). These pBR322 "backbone" stoons may be comb 

Olher veetors and — m ^ 
*M. DMA sconces, e.g., denvatt.es of ^ J* » fom 

ht tw i r l -or may be used for prep-on nf . nucleic acid 
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[esttictiM MA * *— " fc 1*. 

DNA ,0,*, - P— • * -Tt^ various 

DNA H**, OKA ,*-» — -» "f * ^ iotheart . 
v. • « ,rP those known and commonly employed by those sicmeu 
10 separation techmques are those know ^ ^ ^ 

A number of standard techmques are described, for examp 

C*- . Molecular Biology, Q— ^ ^ & 

u 1, ». «t n 089 Molecular Cloning, Second Ed., Cola bpnng 

T TR or SV40 promoter, the is. ccw *ac ui //, 

20 ^rZT-Usor.^es. P-er^canbe,^ 

Led sene u S1 n g CAT (cbloramphemcol — 

selectable markers. Two appropriate vectors are PKK232-8 and pCM 

, /„,/ WZ T3 T7, gpt, lambda P R) lambda P L and ftp. 
bacterial promoters mclude tec/, /acZ, T3 J ^ ^ 

25 Eukaryotic promoters include CMV immedxate early, such P 

I oEYFP-Cl and pECFP-Nl (Clontech Laboratories Inc., Palo Alto, CA), HSV 
vectors pEYFP and p LTRs from retrovirus, and mouse metallothionein-I. 
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encoding m ANT «Vb> CypD polypeptide is described heron. 

—•"■»■— -""""T!! 

a a! (J. taMtot. 1995, 117:4121), Cm etal. (£«S0 ' > 993 ' * 
„ » 1 «,2 », Ahgood «... «*r. Biolechnol., .997, 8:474) - X**. 

ZZ mlain prefer . — - — * — 

vans, pho.ptaglycer.te kinase promoter (m **. °™» «"•• 1998 * " 

sequences for amplifying expression. ,,w„resent 
„ Tms .rip.io» of. DNAaeqnonco encoding. P0lyp«p»de of rho pr»« 

ri— by high* - * * ~~LZZZ 

me vecm, Emnrmcers „ c«c,ing oto-B of DNA, »— , .bou, from 10 to 300 bp 

!1 U» 1= of m. action origin bp .00 ,o 270, . -* — 
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^ fc ^ — on » *. - - - * ™ d — - 

" A8 ^ ,n.v, . — — — * — - * * ~ 

A vW vector gene,* » » " " Mre """""'^ 
7-980-990 (1989), or any other promoter {e.g., cellular pro 

A pnHiooa C, .in. genres inf^»n S ***** pfl*. ,h.< 

a ^ ^ — " AW CWD T? " 
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vitro or in vivo. The transauccu Pukar votic cells that may be 

— » «*. - — <*"> — 

^ccd „ . ^ « — ANT -0, CypD 

„ ^ - - **- ° f * h ° ^ ocnboddncn, ANT- « CypD- 

encoding p*-*** -I— ^ be baculovirus expression 

is to - a baculovirus ,0 ^ — ^ „ „ 

«« « I. ^ • — «• f< " — * " " " 3 ^..pncc D. Richaodson, 

Col, Using B.cuioviml VecWCS," Scc.on II New ^ New 

JftMr ^ Ed, Ausubcl Co,, cds., Ion, Wdcv cC Sons, 

York, 1992, pages 16-32 to 16-48. t Qtrain and growth of the host 

Following transformation of a suitable host stram and growt 

cell density the selected promoter, if it is an externally regulated 
strain to an appropnate cell density, tne ^ ,hift or chemical induction) 

md cans arc cu.ru.cd for . — - C * ™ ^ mde * 

cannon, disced „ *~ » c-cul — - *^ X—- * 



art. 
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:i: r : . . ^ ^ . — - — ^ 

^T^ston of d* ANT 01 CypD ^0 . man — 

„„s, odU may Mh. bo nsod w«n assays to d««c. taw— 
AOT and CypD poi^do. So* bos. oous g »om,,y «*P«as ANT and CypD ft»» 

havo and onissinn — - — * * 

pr ef„ed embodiment ft. eneesy «h — ""J*" 
preterrea a color-shifted derivatives thereof, 

650 nm and an emission maximum rangmg ftom about nm 
Ln abnu, 400 nm ao 5.0 nm and fte omission m»im»m »*. ftom *« 450 »» 

lr 4 ' 5 0 nm ,o 5* nm and an omission — mn.n 8 ftom *- » - - *- 
550 . in mo. pmf»=d embodiment one « - - — 



the culture 

15 
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maximum . . «»val«g«b of aboo. 433 nm and an mission maximum a, . waveleng* of 

475 - aod *c second M «gy «» — • - 
„av.leog* of aboo, 5,3 nm and - emission mmcimum ,« » wavelanglh of ab.». 527 run. 
Preferably, ft. exdtationlaoussion spoctra of to «wo energy Wo, overly 
5 snch d>a. binding of the ANT po.ypep.ido ,. ft. CypD polypepbd. results in detect* 
energy transfer between die energy transfer molecules. 

For example, a boa. c«U for idonbfying agents that alter MPT may compnso 
. firs, nooloio acid expression consbno, baving . promoter oporably linked » • 
polynucleotide encoding human CypD polypeptide based to . polynucleoude encodmg the 
,. cyan-shifteu 1Mb. of wild-bypo GFP <CFP, . ft* energy - —* 
polypeptide, and a second nnoleio aoid expression cahoot baving a promoter operably 
«ed to a poly—tide encoding buman ANT3 (huANT3) pot-T^ <u*d ,o a 
polvmnclecbde encoding me yallowsbinc. darivahve of wild-typc OTP (YFP, i.e., a 

, 1 la^^tiH^ The CFP energy transfer molecule has an 
second energy transfer molecule polypeptide). The a* SY 

15 excitation maximum of 433 nm and an emission maximum of 475 nm, whrle the YFP has 
an emission maximum of 527 nm. Although light at a wavelength of 433 nm.s anient 
to excite CFP, it is not sufficient to excite YFP, but the light emitted by CFP at 475 nm xs 
sufficient to excite YFP to emit light at 527 nm. Thus, a host cell expressing such huANT3 
and CypD fusion proteins may be exposed to an appropriate excitation energy (i.e., hght at 

20 433 nm) and if the fusion proteins are in close proximity or are interacting, the — 
spectrum CFP (donor fluorophor) will overlap the excitation spectrum YFP (acceptor 
fluorophor), which results in a detectable energy transfer (,,, emission at 527 nm). If the 
huANT3 and CypD fusion proteins are not in close proximity or are not interactmg due to, 
for example, an agent that disrupts the interaction, then there will be emission at 475 nm, 
25 indicating a lack of detectable energy transfer. Either increased or decreased (,,, 

quenching) emission may be detected. 

A host cell can be a higher eukaryotic cell, such as a mammalian cell, or a 
l0 wer eukaryotic cell, such as a yeast cell, or the host cell can be a prokaryotic cell, such as 
a bacteria, cell. Representative examples of appropriate host cells according to the present 
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iDV „ ti on include, bnt need no, bo feM to. bacteria, A snob as I o* 

;n * - - - * -* • rc. 

ftj cells sueb . .urtta, or 293 cells; odeoovitoseo; plan, cells, or any sottable col. 
^priate bore is to be wiftft fte seope of - — - *• — «* 

'^"^Varioos — cell on,„e sy»s con also be empftyed to eap-ess 

,„ of monkey Honey M** described by <*— « <»» 

t. capable of easing . »mp..ib,e vector, fo, ettample, ft. C127, 3T3, CHO, H 

^ B „ P K c„ lines. — — — - - — 

. promos »d enftanoer, and *. any —m, rtbosonto ftndmg « 

*■ ^ *~ - **• ttmscripd0 "* — — 

„ J, dLngnon.— „ for e»np,e - deseed berom tegarftrtgft 
pmp^ion of ANT and CypD expression c— , DNA seances denved ton, ft. 

gen. Jem* — n of ft. — - - - - - * *- » 
Lay of moftods wift whieb *. «ed * * « wi,. be f-ter, mcoftng o no, 
2 0 iJd », fbr e^ple, Colon, pbospha,. '^7"^ 

mediated tmnsfeotion, o, Cctroporatton (e.g., Darn «»>, » 

„ *** According to ft. prosen, **_ and as will b. appreotatcd b 

fto, Having ordinal « in d>e «. in certain .nftodm-s a, M one 

ntLt one nocleio .id expression oons.no, In » bos, ce„ may be integrate* - . M 
CO,, ch*—. ,n ee^n envbodintenra ft. bos, ee„ oh—e comprises a nuCea, 

and in certain other enabodhne* fte bo„ chrontosonte oompnses 
mitochondria, cbromosome, as described above. 
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In some preferred embodiments, host cells may be cybrids {e.g., cytoplasmic 
hybrid cells comprising a common nuclear component but having mitochondria derived 
from different individuals). Methods for preparing and using cybrids are descnbed m U.S. 
Patent No. 5,888,438, published PCX applications WO 95/26973 and WO 98/17826, King 
5 and Attardi {Science 246:500-503, 1989), Chomyn etal. (Mol. Cell. Biol. 77:2236-2244 
1991), Miller etal. (J. Neurochem. 67:1897-1907, 1996), Swerdlow etal. (Annals of 
Neurology 40:663-671, 1996), Cassarino et al. (Biochim. Biophys. Acta 7362:77-86, 1997), 
Swerdlow etal. (Neurology 49:918-925, 1997), Sheehan etal. (/ Neurochem. 6*1221- 
1233 1997) and Sheehan et al. (J. Neurosci. 1 7:4612-4622, 1997). 
10 As will be appreciated by those of ordinary skill in the art, in certain 

situations it may be desirable to use host cells in which endogenous ANT and/or CypD 
expression is compromised. For example, detection of particular ANT- and/or CypD- 
encoding nucleic acid sequences or ANT and/or CypD polypeptides that are highly surnlar 
to those encoded by the host cell genome may be facilitated by inhibiting host cell ANT 
15 and/or CypD gene expression. As another example, where functional activity of an 
exogenous* introduced recombinant ANT and CypD polypeptides is to be detemuned m a 
host cell, it may also be advantageous to inhibit endogenous host cell ANT and/or CypD 
gene expression. 

Thus, in certain preferred embodiments of the invention, host cells may lack 
20 at least one isoform of an endogenous ANT and/or CypD, and in certain preferred 
embodiments the host cells may lack all endogenous ANT and/or CypD isoform, For 
example, in the yeast system described by Giraud et al. (1998 J. Mol. Biol. 281:409) a S. 
cerevisiae triple null mutant is described that lacks all three yeast ANT isoforms and ,s 
unable to grow under anaerobic conditions. In other preferred embodiments, expression m 
25 host cells of at least one gene encoding an endogenous ANT and/or CypD isoform „ 
substantially impaired. Substantial impairment of endogenous ANT and CypD isoform 
expression may be achieved by any of a variety of methods that are well known in the art 
for blocking specific gene expression, including site-specific or site-directed mutagens 
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as described above, antisense inhibition of gene expression, ribozyme mediated inhmmon 
of gene expression and generation of mitochondrial DNA depleted (p« ) cells. 

Identification of oligonucleotides and ribozymes for use as antisense agents 
and DNA encoding genes for targeted delivery for genetic therapy involve methods well 
known in the art. For example, the desirable properties, lengths and other characterises of 
such oligonucleotides are well known. Antisense oligonucleotides are typically designed to 
resist degradation by endogenous nucleolytic enzymes by using such linkages as: 
phosphorothioate, methylphosphonate, sulfone, sulfate, ketyl, phosphorodiduoate, 
phosphoramidate, phosphate esters, and other such linkages (**, ,g., Agrwal et a 
Tetrehedron Lett. 25:3539-3542 (1987); Miller etal., J. Am. Chem. Sac. 93:6657-6665 
(1971)- Stec et al., Tetrehedron Lett. 26:2191-2194 (1985); Moody et al., Nucl. Acids Res. 
72-4769-4782 (1989); Uznanski etal., Nucl. Acids Res. (1989); Letsinger etal., 
Tetrahedron 40:137-143 (1984); Eckstein, Annu. Rev. Biochem. 54:367-402 (1985); 
Eckstein Trends Biol. Sci. 7*97-100 (1989); Stein In: Oligodeoxynucleotides. Anttsense 
15 Inhibitors of Gene Expression, Cohen, Ed, Macmillan Press, London, pp. 97-1 17 (1989); 
Jager et al., Biochemistry 27:7237-7246 (1988)). 

Antisense nucleotides are oligonucleotides that bind in a sequence-speafic 
m anner to nucleic acids, such as mRNA or DNA. When bound to mRNA that has 
complementary sequences, antisense prevents translation of the mRNA (see, e.g., U.S. 
20 Patent No. 5,168,053 to Altman et al, U.S. Patent No. 5,190,931 to Inouye, U.S. Patent 
No 5 135,917 to Burch; U.S. Patent No. 5,087,617 to Smith and Clusel etal. (1993) Nucl. 
Acids Res 27:3405-3411, which describes dumbbell antisense oligonucleotides). Tnplex 
molecules refer to single DNA strands that bind duplex DNA forming a colinear tnplex 
molecule, thereby preventing transcription (see, e.g., U.S. Patent No. 5,176,996 to Hogan 
25 et al., which describes methods for making synthetic oligonucleotides that bind to target 

sites on duplex DNA). 

According to this embodiment of the invention, particularly useful antisense 

nucleotides and triplex molecules are molecules that are complementary to or bind the 
sense strand of DNA or mRNA that encodes an ANT or CypD polypeptide, or a protem 
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mediating any ome, pr.ce, retatad . expression - - — CypD gene, 

A nbozyme is . RNA mo,ec«,e M *M — ™ A » bsMeS - 
, such as mRNA, resulting in specific inhibition or i»«rf«n<* wifi, «.,»>« S «ne 
Cl. Th„e arc « M five — — **- " «" *"» 
litigation of RNA chains. ~-^^™r:T 
^ydcafiy cleave such fi^sofipis (see, e.g., U.S. No. 5,2,2,262; U.S. _ 
U.S. Patau, NO, 5 ,,6,,053, 5,,gO,S,S, 5,116,742 - 
0 According lo conain embodmmms of the invention, auy such ANT C„D 

coll .o effect inhibition of ANT and/or CypD geue expression. 

Ltjfic promota, such as a e^ic vim, P~* - « — * 
,5 tenoclens.fteribowm.willbedi^c.lytmscnbed. 

As used herein, expression of a gene encoding an endogenous ANT o, 
CyP D isoform is substauua,,, impaired by M y of tire above medtods for inhi«ng wh« 
I are substantia,,, bu, no, y ^ neple.ee of Pane,- DNA» 

mRNA encoding ... oogenous ANT and CypD isofotm, or of *e rele- 
20 ANT and CypD polypeptide. ANT and CypD isoform expression is substantially impaired 
when ceJl preferably - U- 5« depietad of DNA o, mRNA encn tng , 
^uaANT^^D^n^naingUghs^e.cyhyMd^nnasde^- 

above) or depleted of ANT and CypD polypeptide (as measured by Western lmmunoblot as 
ZL In, see also, ,, «raud «, .«. I - « « 
25 preferably a. lens, 75% dup.etad of endogenous ANT and CypD DNA mRNA o 
poiypeptide. Most preferably, ANT and CypD isoform expression is substantially vmpatred 
when cells . depleted of >90% of meir endogenous ANT and CypD DNA, mRNA, or 
polypeptide. 
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Alternatively, action of a gene — » 
CypD iaofot* nr.y be sobs— y *M *-* «■ - 

„ tuned- ANT end CypD polypeptide,. M«bods for prodocng P « 
- be foond, for «»ple lo ^5^3, wtiloti * he* — ed 



by reference. 

SCREENING ASSAYS AND KITS 



m. preseo. invention provide, conditions, methods «* H> k - " 
,. identify,., agenrs that - 1— y «— <MPT>. S»* «- 
10 tdentitymg g detect an effect of a candidate agent on binding between ANT 

and assays are designed to detect an errec. 

^CypD Polypeptide,, such as msion proteins. Witiron. wrsbrng tobebound by ^ 
^ Jof L apparent intention between ANT and CypD tin., may ,n part relate MPT 

, 5 m d ti, * ,,,, direo, binding of isolated ANT and CypD, may provrde a measure 

MPT ' As used herein, * ~ — » *■ - " 

■« . .ban alter «« Increase o, docm.se) MPT. Briefly, ANT and CypD 

20 ^onbe^AP^Disd— Suchassaysma ££££ 

^ t« Oliver the agent). Detection may be direct (e.g., oy « 
treated with the vehicle used to deliver tne agciu; 

treated with of mitochondrial function or ANT 

25 competitive binding assay) or indirect (e.g., oy u 
polypeptidebindingtoCypDpolyp^tide). 

A candidate agent may alter MPT directly (e.g.. oy P y 

i ; n ,i;«ert.v (e e by interaction with one or 

ANT, CypD, and/or ANT-CypD complexes) or indirectly (e.g, oy 
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Til a « * - additional co m p— ,,er ANT-CypD — - 

ZL » — - - — • - - — * a8OT ' 

Zde polypi, protein - — W*» " '* 7 

^chade ^pounds ta „»n in the art as — — ■ and having 

SSL dtan daitons, .- - * — - - ~ 

, »mKi>re nf a library of test compounds can be 
Ao„ ift 3 daltons For example, members oi a uorary « 

to lyed for their abiirty to .iter MPT in a *W assay ot to enhance ot tnhtb,, 
A NT-CypDbindinginanon^Ub.sed(e.g,i»v.»-o)ass.y. 

Candidate .genu fcrther may be provided as memoes of a 
15 libMy , whioh prefembiy inciudeo syndsedc agents ptepatod seconding ,o a p-rty - 
JLinco Che— tenons perWd in . P«ty of — 
Lpie, vanoos srarting eompeda otay be prepaid empioying one ot mo. of sob 
Z ^esis, ^corded random mhc method and recorded roachon sph, 
- — • - — <° ~" * ondergo a P-ity of pe— 

- bo socecned — , - ^ £££ "J 

synthetic combinatorial library of peptides (see e.g., 

herein (see «. PCT/US94/08542, EP 07744*4, U.S. 5,798,035, U.S. 5,789,i72, U.S^ 

• t aolh lies nt., be proposed anting to — ~ - — 

CSP targe such as a p95.6/VN52 polypeptide or homoiog accordrng to the present 

disclosure. 
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,„ certain ^ — 1 —* """""S A " 

^ under — - for . bme suffl- » d ^ b ~; 

There « . variety of assay formats known to those of orduwy skt, m th 

m f or derecbng binding «~ ^ ~ 

xjf „i rv>lr1 Sonne Harbor Laboratory, 198». wnmu u 
Antibodies- A Laboratory Manual Cold bpnng naru 

Itent, one ^ - — - - » — -* ^ " 
,0 mahtx a ce,., . org-. ** . mi«oeho«drion - » - 

L tL. in eertbu, prnfened embodiment one peptide involved . snoh btndtng 
cL is assooiated with a mitochondrion or a submdochondria, part,* and ,n 

a "er pXed — — - « ^ " — * ' ^ 
rjhposoJe. ,n 4. preferred emboduments ,»ch , ^ypeptide is assoorared wt* 
- » on. embody, - « one poiypephde a pro,, od 

on . solid support prior .0 contact with the other polypepUde. Po.ypepl.de 
immobilized on a sum. rr r —-dficdlv binds to one or 

binding may then be detected using . detectron reagent that spectftadly b. 
20 J — „g polype^ (e.g.. an -ody »r ^ hereof, or »r„ 

dlabte portion of one or borh of me poiypepbdes <«,.. dire, de.eo.ron of a dye, 
deteobonofe^rgynansferbaweendrenwomotenles). 

A solid support may be any material known to .hose of orduuu, stall m the 
«. For .Kemp,. *e solid aupport may be a tea, we,, in a ■*■«* ^ 
„ ^c-oseorometaui*. membrane. A,— dte support may ho a b.d o^ 
. gte nbergtana, _ or . p,aatic — auch as 

oft.chmm.es known to those of skill in the art, which are amply deaonbed P 
IlCitemmre. ,n the — of - *— the « 
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refeK ,„ boO, ooncovalen. — — - - • " d " 

v f « cross linking agent). Immobilization by adsorphon to a well m 

b y ^ uro M of bin*, M occo. over . ponoo of bmo **» S 

,0 condihons and for • »r«e -«*- • P— — 0 " " T'. k T'., of b»d™ in 
^ , he level of CypD- ANT binding is deteeted »d compared to the tevel of buuhng 

- - ^ , - — — * «« - <*> ^ 

«. fcsed .„ addibooal polypepbde s^uenoe . provided herem, such . GST^u 

, . -j_ Thus in orefened embodiments addiuonal 
histidme, end FLAG® polypepbdes. Thus, P«I 

,5 polypeptide fbsed ,. ANT and CypD would be a lig»d (**, ■ - — > » 

TV , I AKT and CypD fusim- proteins may inotud. . protease recogrtthon 
^-"-rjcypopo^maybep— ly^ 

„ oddmooa! potypopbde seguouo, - descHbad be*, >n y«. - £ 
2 0 Mid CypD may be fused to GFP, or a related mutated GFP (WO 98/06737) such as ^ ^' 
TpP^FP . HP. which may be used, for - verify subceUula, — „ » 

jloumf. or to detect M MPT of express* ANT or C W D msio. promos -*d 
^eio-cid expression — a^rdurgtomemvenrion.Sucb^boduuon.ofme 
i„v«„bonar.u S eful^highthK,ughp«tsaeemng^a,ys. 

Unbound polypeptide is then removed and bound polypepbde » detected 
osing . Meed reporter group o, . separate detocttble nurricer comprising a reporter group. 
Zld enjoyed to, deteobng binding depends u^oo dre no™, of me ^rter poup 

X. wbiiuergy— Trrir: 

J For rndionchve W scinbnahon cou„b„g o, eutomdto^pbtc methods 
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generally appropriate. Spectroscopic methods may be used to detect dyes, luminescent 
groups and fluorescent groups. Biotin may be detected using avidin, coupled to a Afferent 
reporter group (commonly a radioactive or fluorescent group or an enzyme). Enzyme 
reporter groups may generally be detected by the addition of substrate (generally for a 
5 specific period of time), followed by spectroscopic or other analysis of the reacUon 
products. 

An agent that binds to ANT, CypD, and/or to ANT-CypD complexes may 
result in a detectable decrease or increase in ANT-CypD binding. Such altered levels of 
ANT-CypD binding pertain to readily detectable increases or decreases that may vary 
10 quantitatively depending on the polypeptides or fusion proteins being monitored and on the 
particular reagents, instrumentation and methodology selected. Preferably an altered level 
of ANT-CypD binding refers to a statistically significant increase or decrease. 

Other methods for screening for an agent that alters MPT involve FRET m 
host cells having mitochondria, and that express an ANT fusion protein and a CypD fusion 
15 protein, wherein each fusion protein comprises a suitable energy transfer molecule 
polypeptide. Briefly, such cells are contacted with a candidate agent and an inducer of 
MPT The cell is then exposed to an excitation energy and a level of energy transfer 
between the energy transfer molecules is detected and compared to a reference level such as 
a reference signal as provided herein, which reference level may be generated m the 
20 absence of the candidate agent. By way of non-limiting theory, an agent that bmds to 
ANT to CypD, to ANT-CypD complexes and/or that otherwise interferes with ANT-CypD 
interactions may result in a detectable alteration (e.g., decrease or increase) in a FRET 
signal, for example, by altering ANT-CypD binding as described herein. 

Within such assays, the host cells are generally contacted with an inducer of 
25 MPT Such inducers are used in an amount and for a time sufficient to induce MPT, as 
determined, for example, by measuring a level of energy transfer between an ANT fusum 
protein and a CypD fusion protein as described herein, or by any other suitable method 
known in the art. An "inducer of MPT" may be any compound that is known to enhance 
mitochondrial membrane permeability. Inducers of MPT include, for example, compounds 
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MiKre ^C.->conc^»»mm*K h o»dn H-*»-*-»-* 
^gin, — - oeumdansmiders, »— -* 

induce proved ce» do* o, ».po P « S " (Omen « «• *— 281 

.» a second induce of MPT, preferably . mduco, of oxidative are*, moat ****** 
*. induce, is select fmm ^aceynie acid, buthionine ammximine, -e . 
, buty , hydmpemxide, phenyi-amine oxide and ndno oxide. An artisan of ** 

--**-*- fc * NT - d< * ,D,,,, "rri 

ta certain pmfemd embodimeom i. may be dexirabie »mp«e me s^l 
ae.ec.ed .cooming » dm modmd of *e invondon wid, ». leas, one mferenoe ^ M 
some embodiment me reference signa, o. signals may be on. o. mom lev* of «W 
,5 ronsf e.ma, a mde,ee,ab 1 eb« W ee„sui»b,e»e, g y«ferm. 1 ee»ie S (.. S energy*-* 
p», w ep,ides as pmxided M node, specific condidons. Solemn of *k . 

the „ w ,„ be femdia, and may va* depending on me pmdeuio, assay —dons <*.g 
M eeli, indue of MPT, .anodes, inhibitor of MPT, exedadon enesgy, c*nd.d».eagen.) 
2 „ «, upon me p-dculer energy bmnafer moieoul. dono,-accep.o, pair empioyed. For 
example, . reference sign,! may be gene„.ed by . refereneo compound sueb as an energy 
_* moieeule dorm, polypepdde ., energy mmsfe, moiecule aceep.0, polype or . 
disdoc. mporte, moiecule dm. is an indie., . pmvdded bemin, and may b. 
g.„em,ed in me absence o, pmscne of a samp... Sued report, molecuies o, md,oa« 
25 m.y ineiud. a double compound dm. ean be demcud as indieadve of one „, mom of a 
q „and W .fade,ec«.b,«oom P one».o,a,ocadonofade,eomb 1 eeompo„en,o,d..l,KoF„, 

exanpU, by way of illusion and no. nonunion, a mfemnce signal may be genended by a 
„porte, molecule M pom* nom.aliza.ion of a demornd energy We, signal «*• 
,o d. numbe, of cods pmsen. (e g., dm mporte, mey be any of numemus known ,nd« 
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of cell number, such as selective stains for cell nuclei, for example, propidium iodide or 
ethidium bromide). 

In certain other embodiments, the reference signal is generated by an 
indicator of the mitochondrial mass, the mitochondrial number or the mitochondnal 
5 volume present. For example, where an indicator of mitochondrial mass is se ected a 
reporter molecule such as nonylacridine orange may be employed. Methods for 
quantifying mitochondrial mass, volume and/or mitochondrial number are known in the art, 
and may include, for example, quantitative staining of a representative biological samp e. 
Typically, quantitative staining of mitochondrial may be performed using organelle- 
10 selectiveprobesordyeMncludingbutnotlimitedtomitochonddonselective 

as fluorescent dyes that bind to mitochondrial molecular components (e.g., nonylacndme 
orange, MitoTrackers™) or potentiometric dyes that accumulate in mitochondna as a 
function of mitochondrial inner membrane electrochemical potential (see, ,g., Haugland, 
1996 Handbook of Fluorescent Proles and Research Chemicals- Sixth Ed, Molecular 
15 Probes, Eugene, OR). As another example, mitochondrial mass, volume and/or number 
may be quantified by morphometric analysis (e.g., Cruz-Orive et al., 1990**/ 
258 L148; Schwerzmann et al., 1986 J. Cell Biol. 102:97). These or any other means 
known in the art for quantifying mitochondrial mass, volume and/or mitochondrial number 
in a sample are within the contemplated scope of the invention. For example, the use of 
20 such quantitative determinations for purposes of calculating mitochondrial densOy xs 
contemplated and is not intended to be limiting. In certain highly preferred embodiments, 
mitochondrial protein mass in a sample is determined using well known procedures. For 
example, a person having ordinary skill in the art can readily prepare an xsolated 
mitochondrial fraction from a biological sample using established cell fi—n 
25 techniques, and therefrom determine protein content using any of a number of protem 
quantification methodologies well known in the art. 

In other embodiments, a reference signal may be generated by a reporter 
moleeule that permits normalization of a detected energy transfer signal according to the 
amount of protein present (,g.. coomassie blue, fluorescamine, bicinchoninic acid) or to 
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the amount of nucleic acid present (,*.. ethidium bromide, acridine orange, methylene 
blue) As another example, a reference signal may be generated by a detectable reporter 
n.olecule that is soluble in a liquid medium containing the sample, but that cannot traverse 
cellular membranes and so serves as a marker of extracellular medium, for example as an 
5 indicator of fluid volume. For example, where extraordinarily sensitive instrumental 
(eg see infra) may be used to detect FRET signals, such an indicator may perm, 
impr oved quantitative precision by calibration/ normalization of sample volume, Many 
compounds that are suitable for use as such reference signals will be known to those 
familiar with the art, who may select such compounds as sources of a reference stgnal « a 
10 manner dependent on, inter alia, the particular assay conditions (e.g.. host cell inducer of 
MPT, kinetics, inhibitor of MPT, excitation energy, candidate agent) and upon the 
particular energy transfer molecule donor-acceptor pair employed. 

As used herein, detecting a "relative amount" of a signal may mclude but xs 
not limited to detecting a signal for purposes of comparing it to a reference signal as 
15 provided above. Thus, detecting a relative amount of a signal may refer to detecting only a 
portion of a signal (, g .. detecting a signal at less than 100* efficiency), or to detecting a 
signal onlyaportionofwhich is generatedby energy transfer, or to detecting a port™ of a 
signal relative to a signal detected from another sample such as a control sample, regardless 
of whether any of such other signals detected are reference signals as provided herem. 
20 Detection of a signal according to the methods disclosed herein may include quantified 
of energy transfer by conventional or arbitrarily assigned units of measure. In certam 
embodiments, a signal may be detected over a period of time such that one or more 
behaviors of the signal may be analyzed as a function of time. For instance, m some 
embodiments described herein, a signal may be detected over a period of time, which refers 

event, such that a correlation of a detected signal with a discrete point in time can be 
established. Thus, for example, in certain embodiments a change in an amount of a sxgnal 
ma y be detected over two or more time points, and a rate of change in the level of signal ,s 
determined (e.g., a slope or a rate-of-change of a slope such as a first order derivative is 
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determined, when the signal level is plotted as a function of time). As another example, m 
certain other embodiments an amount of a signal may be cumulatively determined over a 
discrete time interval, to provide a summed signal (e.g., an integrated signal). These and 
other techniques known in the art for analyzing quantitative data, and in pattcular for 
5 analyzing such data having a temporal component, are within the contemplated invents 
Thusanyofthemethodsprovidedbytheinventioncanbemodifiedsoasto 

also include a reference signal that correlates with a reference parameter of interest for the 
purpose of, e.g.. standardizing for cell number, quantity of cellular protein or cellular 
nucleic acids, mitochondrial mass, quantity of mitochondrial protein or mitochondnal 

10 nucleicacids.ind.catoroffluidvolumeorthelike. The reference signal, which can be used 
as an internal standard, need not result from energy transfer and can involve any signal tha 
can be correlated with the desired reference parameter but which does not interfere wnh 
detection of the test/assay signal. In the context of the invention, a reference compound 
can interfere with the test/assay signal if it generates a signal that cannot be resolved from 

15 the test/assay signal, or if it localizes to the same subcellular compaxtment as the energy 
transfer donor and acceptor molecule polypeptides and itself acts as an energy transfer 
acceptor or donor. 

An instrument such as FLIPR™ can be set to alternate between readmg 
signals at two different wavelengths with a cycling time of about one second; in this 
20 manner, the reference signal and the test/assay signal (e.g. , FRET, A„) ean be read over the 
same time course. However, the reference need not be read at the same time as the 
test/assay signal. For example, in some aspects of the invention, it is necessary to drsrupt 
the cells in order to detect the reference signal, and this typically necessitates that the 
reference signal be read after the test or assay has been completed. 
25 Some non-limiting examples of reference signals include the following. 

After the test or assay, as is known in the art, cellular protein (including mitochondnal 
protein) can be measured using methods such as the Bradford or Lowry assays, and nuclei 
acid can be measured via the use of fluorescent dyes such as propidium iod.de (PI). 
Nucleic acids can also be measured in living cells. For example, in dignonm- 
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penalized cells, propidium iodide (PI; peak excitation, 536 nm; peak emissum, 617 nm 
when bound to a nucleic acid) binds nuclear and cytoplasmic nucleic acids but cannot 
access the mitochondrial matrix and the mitochondrial nucleic acids contained therem; PI 
thus provides a reference signal for quantity of cellular nucleic acids. The permeant 
5 compound acridine orange (AO) can be used in living cells to distinguish RNA and DNA 
as it has distinct excitation/emission spectra depending on the type of nucleic acid to winch 
it is bound (AO'.DNA, peak excitation, 500 nm; peak emission, 526 nm; AO:RNA, peak 
excitation, 460 nm; peak emission, 650 nm). The SYTO stains can also be used to detect 
nucleic acids in living cells; the manufacturer (Molecular Probes, Inc., Eugene, OR) of the 
[0 SYTO stains indicates that all of the SYTO stains can access nuclear and cellular nucletc 
acids and some can also access mitochondrial nucleic acids; one skilled in the art wdl be 
able to apply techniques such as, e.g., fluorescent microscopy to determine what types of 
nucleicacids are detected by the use of a particular SYTO stain. JC-1 green fluorescence 
and NAO fluorescence can be used to measure mitochondrial mass in living cells (Mancun 
15 et al., An, Sur g . Oncol. 5:287-295, 1998; Vayssiere et al., In Vitro Cell. De, Biol. 

2&4:763-772, 1992, respectively). 

In other embodiments of this assay, the MPT pore may be selectively 
inhibited by cyclosporin A, which may block MPT by inhibiting cyclophilin D peptidyl- 
prolyl isomerase activity (Murphy etal., 1998 in Mitochondria A Free Radicals in 
20 Neurode g enerati V e Diseases, Beal, Howell and Bodis-Wollner, Eds., Wiley-Liss, New 
York pp 159-186; White and Reynolds, 1996 J. Neurosci. 75:5688) and, therefore, Us 
interaction with ANT. Preferably, the invention provides adding an inhibitor of MPT as a 
way of generating a second reference level; other inhibitors of MPT include low P H and 
inducers of high mitochondrial membrane potential. 
25 The ability of an agent to modulate apoptosis may also be assessed. In 

general, a cell is treated with an apoptogen in the presence and absence of candidate agent, 
and the effect on apoptosis is evaluated. A variety of apoptogens are known to those 
familiar with the art and may include by way of illustration and not limitation apoptogens 
that when added to cells under appropriate conditions with which those skilled in the art 
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wi ll be familiar, require specific reeeptors sueh as the tumor neerosis factor, FasL 
glutamate, NMD A, IL-3, eortieosterone, mineralocoid or glueoeortieoid reeeptor(s). 
Apoptogeus may farther include herbimyein A (Maneini et al., 1997 J. Cell. Biol. 138:449- 
469)- paraquat (Costantini et al., 1995 Toxicology 99:1-2); ethylene glycols; protein kinase 
5 inhibitors such as, e.g, staurosporine, calphostin C, caffeic acid phenethyl ester, 
chelerythrine chloride, genistein; l-(5-i S oquinolinesulfonyl)-2-methylpiperazine; N-^- 
^^i.^ KN-93; quercitin; A-eryikro- 

sphingosine derivatives; UV radiation; ionophores such as, e.g., ionomycin, valinomycm 
and other ionophores known in the art; MAP kinase inducers such as, e.g., anisomycin an 
0 anandamine; cell cycle blockers such as, e.g. aphidicolin, colcemid, 5-fluorouracil and 
homoharringtonine; acetylcholinesterase inhibitors such as, e.g., berberine; anu-estrogens 
such as, e.g. tamoxifen; pro-oxidants, such as, e.g., tert-butyl peroxide and hydrogen 
peroxide; free radicals such as, e.g., nitrous oxide; inorganic metal ions, such as, e.g., 
cadmium; DNA synthesis inhibitors such as, e.g., actinomycin D; DNA intercalators such 
15 as eg., doxorubicin, bleomycin sulfate, hydroxyurea, methotrexate, mitomycm C, 
camptothecin, and daunorubicin; protein synthesis inhibitors such as, e.g., cyclohexnmde, 
puromycin, and rapamycin; agents that effect microtubule formation or stability such as, 
eg - vinblastine, vincristine, colchicine, 4-hydroxyphenylretinamide, and paclitaxel; and 
other MPT inducers such as, e.g., Bax protein (Jurgenmeier et al., 1998 PNAS 95:4997- 
20 5002), calcium and inorganic phosphate. (Kroemer et al., 1998 Ann. Rev. Physiol. 60:619.) 

The ability of a candidate agent to inhibit or delay the onset of apoptosis 
m ay be assessed using any method known in the art. For example, cells may be examined 
for morphological, permeability or other changes that are indicative of an apoptouc state. 
Such changes include, but are not limited to, altered morphological appearance (such as 
25 plasma membrane blebbing, cell shape change, loss of substrate adhesion properues or 
other morphological changes that can be readily detected by those skilled in the art usmg 
light microscopy); fragmentation and disintegration of chromosomes (which may be 
apparent by microscopy and/or through the use of DNA specific or chromatin specie dyes 
that are known in the art, including fluorescent dyes); and/or altered plasma membrane 
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pen.eebimy p-opertfc, as - y be ,e*di.y detect* mrough » - of * *- <«■ 
^celluU, tniHeP. Within atom* -* <— — ° f - membtane 

eealnatert by measuring outer MM binding by the H* »-* — < Ma *" 
et al J E*p. Med. (82:1545, 1995; Fadok el al., / Immunol 148:2201, 1992). 

I„ yet another anopsia assay, induction ef speeifie protease aenv«y m a 
tally of apoptosis-acfivated prcleases too** » the upases may be measured, for 
eMmP le by ***** of caspaae-mediuted Ceevage of specific* reoogrnzed prtttem 
subaretes. Such srftrtnttes may Include, foe example, poly-fADP-riboae) polymer 
(FARP) o, ofite, nawafiy occurttng or sy.fi.efie peptides aod proteins cleaved by cespases 

Z-Tyt-Vl-Ala-Aap-Arc [SEQIDNO:_l, 
5 veherem »Z» indicates a benzoyl oritonvl moiety and AFC nutates 7- 

mm „-4-triflu.mmemy,— OEM «,., ,997 Science Nicholson e, al 

,995 Nature 37*37), is on. such substrate. Ofiter substrates inolnde nuclear protems such 
«, m-70 tD. and DNA-PKcs (Rosen and Casd.Ia-Rosen, 1997 J. Cell. «:50; 

Cohen, 1997 Stefan J. MM). 
,„ A further apoptosis assay is baaed on detocfion of the mitoehondnal p„,«„ 

cytochrome c the. has been released by mitochondria in an apoptofic eel. (Ltu « al. Cell 
S6 ,47 . 996) suohdetecfionofcyfochmmecmaybeperformedapeotrophontmofitcally, 

specific protein. Mtdri.t-.ssis.ed 1- «— (MALDI-TOF) 

25 maaa S p«c»m«ty oonp,ed wifi- affinity »pmr. la particularly suimble for «* a»,y™ 
since apo-cytochrume c a„d ho.o-oyttKthrom. o en he distinguished on me basts of tar 
^ue weights. Fo, ex-tple, fine Swface-Enianced Use, 

Dcsorpdonrtoniaafion (SELDI~) system (Ciphergen, P*, Alto, CA) may be used to 
defined me effect of an agent on cytocmom. c release from mitoohondria ,n ccl,s 
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.» m aP«P«o«o — <«• ' «" * "7 V, 

JLd in . mama of - — P*. — * < EAM > - * 

5 solid support surf.ee using pulsed *> ^ S * fc * 

The present invention further provides kits for screening for agents that alter 

MPT Such a hi. genemlly oompr.se. an is.ia.ed CypD polypeptide, . W- ANT 

po^ido »d, M . — «- reagon. lha. pM - - - 
,0 Cyp"orANT. Pr.fe^ly.CvTDorANTpoiypnpddeaareinunohi.iredon.sohd uppnrt 

■d ore option., detention reagent is . anybody or anngnn-hinding fragment thereof. 

The present !»«»»»» also pmvides kits for snrenning for agent* that Iter 
MPT k a eell-baaed assay. The hit, may comprise a hon. eel., a firs, nue,«e aoid 
expression eonshrro, having . promoter oporably Mted to a po.ynuo.eot.de onondmg an 
,5 ANT po.ypep.ide fused to . ft. energy hrmsfor mole* and a soonnd nuoleto ao,d 
exp reln oonahuo, having a promoter opotably Imhed to . pn,yn»olo..id= eneudmg . 
CypD polypepdd. foaed to a neeond energy hanafo, molooule, as desetibed berem. The 
Z o.U may be a omkMyodo 00,1 or a eutayotio onll. The nr., and seoond energy 
transfer molecules are prefernbly GFP, BFP, CFP, RFP or YFP, as dosoribed berem. 
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Therapeutic Methods 

Agen ts that alter MPT, and that preferably also inhibit or delay the onset of 
apoptosis, may be used for a variety of purpose, For example, such agents may be used to 
alter MPT in a mitochondrion. The mitochondrion may be isolated or may be present 
25 within a cell. Briefly, a mitochondrion is contacted with an agent as described above under 
conditions and for a time sufficient to alter MPT. Any of a variety of standard technics 
may be used to detect changes in MPT in the mitochondrion. 

Typically, mitochondrial membrane potential may be determined accordmg 
to methods with which those skilled in the art will be readily familiar, including but not 
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Med ,o deftcaftn „d,o, — — - «— -i— - " 
todies, ophcad probe, and/., .*». P« - <** «* 

« „ „ S1 i M M «** - — - ** - « to "* ™ 

S pi 266-274 m d 589-594* Fo, example, by »*y * «— >» - no. — * 

M (such as, , g , — -* -* ™" 
MHIW* <*l TMKE) or roUnod compounds (s«. a*, « 
^ »,.y bo ,v»n«f,ed Mown,, —don in nriftchondH, a process m : . 
,. depeoden, on, and prop— ,o, miftchondHal — poreftftUsea, ,M « 
„ , M in * «- *** '» eases ' "° We " 

„d Bodis-Wollne,, Ed,, «MM New York, pp. .59-186 and aefaeanens ciftd 

and Mferir ft— On-line MM - *-"* 

« hv ,/www.probe S .c OT rA«ndbook/ 1 oc.h«nl). Ofter fluanescen, do.eoa.bie compound, 
u ^b.naedind.oinvannoninoindob^.aono.i^.oai^in. ,23,^,.. 

Tonaoftyn.ozimid-oload.ooyanino Wide] («a Coswiza., o. a.., 
^y, te . Co™,. ,97,40; Reeme,*,, .995 Mo,, Enzymol. 260.406), *« (-UB. 
Pa,en, No. 5,049,673; .,1 of One peeoedftg compound* . available from Moieonia, Probes, 
20 Eugene, Oregon) and ahodamme 800 (Lambd. Physiic, GmbH, Goningen, Germany; « 
Sakanoueelal.,1997/Bioc/iem./2/:29). 

Miftchondrial menrbnme poftnbal enn also be measured by non-fluoaesoon. 
w for example by nsing TTP (.e.mphenyhphoaphonium ion) and . TIF— » 
0,0*06. (Kamo «, 1979 / Jta*_ M 49.105. Porter end Bmnd, 19 5 4. / 
25 «,*,«,. 269*1213). Those skilled in ft. « -1 b« able ft selec, approve efecftb, 
^ponndaoaoftereppaoproarenreansfoamea^ng A-Pnr. By »y of example and no, 
MM. TMRM is sonrewba, paefembft ft TMRE because, Mowing efflux fro. 
mitochondria, TMRE yields alighdy more -dual signal ft 0,0 endoplasmic aeoculum end 
cytoplasm than TMRM. 
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^ _i.cc— — ntey *. provide . ~m — - - — 

* *~ ■»* * o/ce " r 45 ' 
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Thus, as provided h«ein, a-y «■» measure conscience f 

*nrr ^ov V»p used including, for example, 

measurement of the dissipation of AT, detection 

IL— space prnteins see, as ^ . - - — . « ^ « 
m „« cspases aa a do— even, in » apoptotio siting cascade (see above) ~U 

L, J „ odrer phenotypic . — * " " 

15 : M p_L— no^Onwde^onMPT. 

„ J™** of dr. present invention ft* ant suitable for treatment of a dtseos. 

1*. —ce of MPT and/or MPT-rel.ted reg»l.«y — — 

M Such .gen, S may also be ^ » «. survival of . CI. Briefly, a eeil is 

CC sumval n»y iben be assayed *i»S standard .eehniques wtth *~ brn, 
in L a« - be «i». - e»np.e, ce„ viebility »d/or eel enny » 

of M ntitocbendrial function sucb aa MPT - 1 » . 

w»w u* - *** - '** 151 ; 165, 7,1 

« are snapcefed of undergoing apoptosis „a.y be — or 
^enbi 1 i t yn,o to cb n ges*.,a,eindica,iv«.fan,poptoUosu K .Forexa m p,cbyway 
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of illnswion and no, ,im«o», » -» - *" "» — *"* 

adhesion p^d« o, other morphologic chatgos « con be -* 

, may exhibit Ration - —on - *— ■ ' ~ 

^^^soopy^^^-ofONAsp^o^—^o^ 

pen—fly propemes as may bo readily de,eoled thmugh 40 use f ^ 

riJ^^^c-by^^P-^^^--^ 
will apparent to .hose familiar with the art. 

ta another aspect of fhe W »sta m*. — «— ° f 
15 phosphaidylsorine (PS) from .he inner tn me outer -0. of the plasma membmne » 

^l^onof^m^ rei a^m«wo..ph-^a^ 

—d. derivative auch . . »™» 8 " e 
20 Oncogene Research Products, Cambridge, MA). 

in anodton aspect of tho apopfosis aaaays, quandficadou of dre mttochondn.1 

q Il fa d.n of cytochrome 0 may be performed specdopho— y 
25 Lunochemicallv or by oflxer wall established mofltods for doteudng the present . f . 

Uo pro.* «— - — • " •* " r. 

^toflc aflmoli <e,„ ionomycm, a we,, ^ Ccium ionophore, con be fb low^by 

y** of — logrcal memods. Madix.aaaia.ed laser desorpdot, 

flight -ss (MALDI-TOF) speohomad, coupled with M oaphue ,s parity 
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M^M . the basis of their unique molecular weigh,,. For ertotopl. the SELD 
1 (Ciph«», P,o Alto, USA) tony he ufiliz* to fofiow toe rnhrhfiron bv 
Icholdl ptoleofing agents - cytochrome • — - ^ ™ 
, ueutod * to this ^ . ey»eh»me c specific anfihody — - -* 
„ is - » cpto* releen* cytochtotoe c _ to . soluble — * 

pro.* ■» - — • — ° f ™ -* — m r Tc^ 

^'JL fiom ,e - S »PP»r. -ce using - — — * 
weigh, of the protein i. deremriued by its fin* of ftigh. to fire defector of toe SELDI mass 

10 to enother .spec, of fire apotoosia ^ induction of apeoifie ptotease 

m «j >*> - — f - by d ~°r 

e.env.ge of speeificmly prototo — l T*. — 

„ ma include, for example, polyfADP-nbose) polymer,. (PARP) o, ofircr netomi, 
occling 0, ay-edc pepfide, anfi proteins oieovrf h y - - - * - 

(see .^Wd. ^iaheiedsyntoeficpephdeZ-T^ 
I:., - Asp-APC, whe^in «r indieates a hW — , - AFC -ndrcntea 

^toLtontofiryic— (Ktoch c ... 199, — " ^ 

e^e-3 consist, of two nun-con, pro^na iinhed to e«h .fine, a pep * 
uprising toe rocogrdfion/oleavoge aire tor toe pn»se <X, et ^ « 
2*2034-2035, .998). «her S uh S ha.es include nuole„ P— anch - «* - 
DNA-PKcs (Rosen end Casoiol.-Rosen, ,99, / « «— «** Cohen. .997 

" " 3 tolfi-era^ l offi,enpoptoai SM a. y a,to.»fionfl.vin 8 tod«dc.,,s,« 
toeptopo*nofd.»icc, ls ,to. [ «.P».«fionof-exp»^»nnap«p»g«,iad^ 

. ILnre of toe nhtorate con^uence of .poptosi, Living cella . he dra^tod 
t, m dead colls using «ny of • number of tootauoues known to droso skfiled to the rto. By 
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Th. pento. having ordinal skill in the art »I1 readily appreotare M «- 
, may be odter — « tenhni^ frr - — — "* 

Lie mdnchon - M - - — * *«" 

Within other aap^, . agent may be administered to a patient for 

,0 rteaboen, or p— of — — - — 

„i,;v,uthelossofMPT. Diseases associated with altered 
Preferred agents for such uses inhibit the loss 01 mr 

J «„„ inclnd, bo, are no, ,1- to, AD, diabetes me„inss ; Par— . 

Dtose; Honttngton, di^ dyston,; Leber, bared^ opbo 

,5 psoriasis; hype^oMerative disorders; mitochondrial diabebts »d deafness (MIDD) and 

swdard clinical criteria, which are well known in the art. 

MFMMi., .gotta a* g«neml>y valuable for thmpeotte P^ «■« 
fte y pennit treobnen, of diaeaaes associotod with binding or aerivity of ANT - CypD 
20 pdypepbdes. Tn. agent, * .her MPT, by direotl, eyeing or ,mpa,n ANT C ^ 
Lding or by indireody affeeting . mi— i* molecul. oompon«, - ™ 
CypD binding, . P- * • l»— ** "* , 

of . ptaI mace».ie.,ly onoeptoble A dilnen, or e«i P i«n,, in addibon to one or mom 
25 MPT-.ltering agents and, optionally, other components. 

.phsrtr.acoutioaUy oocepbrble carters- for the»peotic use are weU knowo . 
art, and are describe, fo, example, in M*. 
Sd L, Mack Pnbiisbing Co. ,A.R. Oeomaro edit. For example, - 
phosphate-buffered saline.. ***** pH may be used. Preserves, stab,,,,**, dyes 
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«, even flavoring agcnis ma, W I— » *• " "TT * 

e sm ,p,e, sodium bepana,, so*ic ^ end ester, ot^xvWic »d », be added 
.spreservah.e,. In addition, aoboxid..,, end pending .gen,, may be used. 

.Phamecendcnlly actable self refer, to sala of (be compounds of dm 
5 preOT » invenhon derived ton, dm combined., of - compound, - - «P* « 
Lg^io acid (ecid addiiion *) o, an organic . inorganio be,. (base — - 
The compound, of present —0 ma, be used ,„ eirber rbe free baa. or sal, forms, 
^bodrfo^being^idoredasbeingwiminmasaopeofmepreseu,— 

The phamreeaurical oomposidons lh.r conrain one or mora MPT-altanng 
,. age* may be in an, form whioh allows for me oomposidon » be — s, ere, I * .* 
p dent. For exempio, dre common ma, be in me torn of , sohd, h,u,d o, ga, 
(eerosol, T^cal tomes of adminiadabon inolude, widtou, hmitahon, oml, mprcA 
p^nteml (e.g., sublingual, o, MA subline, reoml, vagina,, and The 
m parent as used hemin inched., subeuumeous injection,, inb.v«>ous, mdnmu^r, 
„ «M — indacvemous, — , in— injecdon or rn^o 
.eohniquox. The ph»naee»bcsl composition is formulated so . ,o d~ me aca,ve 
ingredieu.s contained ,hemin «o b. bicailable upon adminismdion of me composinon d> , 
paden,. Composidons M wil, he administered » . paden, ddte me fonn of one or more 
Lge urn* where for example, a mble, ma, be a sing., dosage uniu and a confer of 
» on. r mm. compounds of dr. invendon in aetoso, fonn may hold . plumlity of dosage 



units. 



For oral adminiadndon, an exeipien, ond/o, binder may be present 
Exiles ore suctose, Kaolin, gi,cenn, »tamh dexdina, sodium algmate, 

25 present A coating ahell may be employed. 

The oomposidon may be in the fonn of . liquid, e.g, an ehx* symp, 
„,»*„„, emulsion or suspension. The houid ma, he for nm, adnriniadahon o, fo, dehv^y 
by injecbon, as two example, When imended •> oral admini— preterm* 
oomposidons comain, in addidon to on. or more MPT-alrenng .gems, on. or mom of a 
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10 



15 



age, dispersing agent, suspending agon,, buffer, «H » and isotonie .gen, ma, be 

included. r r 

A ,i,»id pharmaceutical composition as used herein, whete in the form of 

a aolurion, sponsion or odre, like tan, may include one or more of me following 
aaj.v.rs: —a diluents auch as warn, for iniaohon, saline solution, prefambly 
phvsi.logr.nl anh* Mnger a solunon, isotonic sodium ohloride, fixed mis such as 
symheo. mono or digylooHde, -oh may m . the solvent or suspandtug madtum 
polype glycols, glyoerin, propylene glycol or other solvents; anm— .gen. »oh 
L bsnI y, alcohol or mathy. peahen; anhoxidanls suoh as Gothic aoid or sodtum btsulfi a, 
chelating .gen, snoh m emylcnediaminetebaaceli. •* -* " — * 

„ phosphates and agents for the adjuauncn, of tonicity such a. sodium ohlonde or 
teh.se. The parem«al prep.".™ - bo enclosed in ampoules, disposable syrtnges o, 
multiple done viala rn.de of gbas o, plash.. Physiologic, saline is . ptofotred Movant. 
An injectable pharmaceutic.! composition is preferably sterile. 

A iipH composition intended for either paranteral or oral administrate 
« contain an amount of MPT-altering agent such ma. . amiable dosage wd, be 
ob^ed. Typically, mis amonn, is .. lens. 0.0, «* of an MPT-almring agent m the 
, composition. When .mended for oral adminishnhon, Ada amoun. may be vancd to ho 
beWeM 0.1 and about 70% ofthe weight oftha composition. r*a* oml onmpostnons 
conrain bawaen .boo. 4% and .bout 50-/. of MPT-altering age».(s). Preferred 
compositions and potions are pmp»ed so ma, a parenteral dosage unit conttuns 
between 0.01 to 1"/. by weight of active compound. 
, 5 The phanua.au.ioal composition may be intended for topical administrahon, 

h which ansa the earner may suitably comprise a solution, emulsion, oinhnon. or gel baa* 
The has, for example, may comprise on. or more of the following: pehol.mm lan.ltn 
polyadrylen. glycols, ba*sw», minora, oil, diluents such aa water and *** - 
emulsiOers and shtbilizera. Thidremng .gents may h. present in , p.— cm 



66 



cmpoamon for iopic, — — « <— «* — ' 

may ineh* . — . — - X 

abootlO%w/v(weightperunitvohime). .«_„_.. 

The condition may be breaded fo, reoral admiro— m rhe form, e*. 
of . S »PP«*ry which .« - in th. recrom »d re,o*e ft. dm, The composiooo for 

111. - — - **- - - • — ,s 7T f T p 

,„ m « metals of ore invention, *. MPT-aMonng .gen*) may be 
c ■ WW timed-release formulations), patch(es) or 

10 administered through use of insert(s), bead(s), timed rei 

fast-release formulates, It will be evident to mose of ordinary ^ 

optimal dosage of the MPT-altering agent(s) may depend on the weight and physical 

I lion of me patient; on the seventy and longevity of the physieal cond.cn hem 

Teatedonmeparticul^ 
15 It option Iployed. It is to be understood that use of a 

m0 noclonal or polyclonal antibody, a protein or a liposome, which assist the dehvery 

said compound. flre orov ided by way of illustration and not 

The following Examples are provided oy way 



20 limitation. 
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Examples 



EXAMPLE 1: 

Cloning and Expression of His-Tagged Human ANT 
(6xHis-ANT) Proteins in Bacteria 

A PCR AMPLIFICATION OF ANT CDNAS 

Tou. <**. RNA prepared from - k— brain was obttmad from . 
so»« (Confacn, Pom Alio, OA, Tbo RNA was * — - 

p^fra. DNaaa ■ (Rooho Uta*. Brooboml* M Boeder M«m»eun 

I(10U( 0 staffer contsinmg 40 
Bioah»ni»»ls > I»dianapol.s,IN)«mBlplofDNss«HH> P) 

^ui^/U 2 mM calcium chloride ror w 
mM Trsi-HCl, pH 7.0, 6 mM magnesium chloride and 2 mM c 

« TMs frozen, - foUowed * - «™ ~ 

cMorot o m a^ion and - erbano, P— - - »— - "~ * 

p* was coined by c^on, w*d w it b 70% —A « «. - 
., f tw RNA was reverse transcribed to generate 
suspended in RNase-free stenle water. The RNA was r 
cDNA using RNase H-deficient Reverse Transcriptase (SUPERSCRIPT . 
Technologies, Rockville, MD). 

, Ca . v,,, nnlvmerase chain reactions (PCK) in a 
ANT cDNAs were amplified by poiymerabe ui« 

Elm. Foster City, CA), and range*, and buffens suppUad m a GENEAMP 

la*—, » t. 5-^ds and 3^ds of ft. ANT cDNAs, double—ad 

aerpaenee: S'-CTCGAG) and ^7.8 (reeogmnon serprenee. 5 -GGTACQ, an 

«. oodons (ATG) nnd d. reve^ eomplemen, of Ore ANT slop oodons <TAA) . 

emboldened. 
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For human ANT1 (huANTl; SEQ ID NO:l:), primers having the following 
nucleotide sequence were used: 
Forward (sense): 

5 ' -TT AT ATCICQAQT ATGGGTGATCACGCT^ - d 

SEQIDNO:4 

5 

Reverse (antisense): 

SEQ ID NO:5. 

For human ANT2 (huANT2; SEQ ID NO:2), primers having the following 
1 0 nucleotide sequence were used: 

Forward (sense): A 
5 , TTATATCI^TATGACAGATGCCG^ - d 

SEQ ID NO:6 

atata ^^ 

SEQIDNO:7. 

For human ANT3 (huANT3; SEQ ID NO:3), primers having the following 
nucleotide sequence were used: 

Forward (sense): „„ K K K A 

20 5 '-TTATATCT^TAJG^^ 

SEQ IDNO:8 

Reverse (antisense): 

-^rrrr.i^r^^"*"^™ 1 ^ 

SEQIDNO.9. 



25 B GENERATION OF ANT EXPRESSION CONSTRUCTS 

PGR products were digested with the restriction endonucleases Xhol and 
^ (bom enzymes from Roche Molecular Biochemicals) — g ^ 
lufacturer'sr^ 
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DMAs were P uH« b y boHz- «~ ge> — « — 
the WW OoiSpin kit (Mo Bio Laboratories, too, Solan. Beach, CA). 

The expression vector pBAD/His ("B» derive Invttaogen, Cart** CA) 
» uaed. This vech* contuins the Mowing olenrent* open* Unked in . JP «. J 
, 1— ft. — * bu, «* «Mk pronao.ec, opnretzed E coh 

Hon hddadon sign*, - anau. — po.hi^e ^^^Z 
«„. Tao ,, v a,, XPRESS™ epitope-encoding sequence, an 
.also referred to as a "His-Tag ), an atreoo y 

oieovage * whioh cnn be used ,. remove the preceding — 
acids Mowing pro* punncatron, if so desired; . ntuhipre Coning « »d an ,„-frenao 

10 ^^Ld pBAD/His DNA - prepared h y digesdon Winn ,0 aosniohon 

B horizon*! agarose g«, e,eCophosesi S -d b»d ustng the U,«CJ 

GelSpin ki. (Mo Bio Laboratories). Rearriered ANT cDNAs were (.gated wdh reshteted 
, 5 ^ vl DNA nshtg T4 DNA ,ig*e (New Bug- Bioinhs, Beves, y , MA, uatng 
rlnfac^-s reaudon buffer and Mowing dte — 
ConapetontaacA, UX - *(-nTOP.0F ; — , were — 

— containing nae parotic vaotoa c— «o^g 
centres., insm.ti.ns. Sin 8 (e eoionies were aeiented and grown . - » 
20 3t(S»breoM„BH K ch,B.F.,an. Maniatis, T., Molecular Cloning: A Laboratory 
C».d SpHng H„bot Uhoreto. Press, Coid Spdng H„boa, NV, — 

Jl cohurea using the WIZARD™ * SeHea 9600 Miniprep Reagents «~ 

™2,b,n». huANT nuOeobde scuencaa — in the expression 
were denned and thei, — reMve to One pnhUshed ANT 

— es (Figure 1; *e Neckehrusnn « .1., Croc. « a„W. to «- 7S ^ 7SM 

J^n; B.«.n, « / « «- 7 ^ 759 <" 87) ** ^ "* 

Cozens e. a,., J( Mo/. « W » huANT3.) hy DNA ^uonotng ustng 
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fc PKISM- ** BIO DYE™ T— «S* « 

5' - TATGCCATAGCATTTTTATCC v 
5'- CGCCAAAACAGCCAAGCT SEQ ID NO:ll. 

, For - — ANT se,ue»ce, boon ^- « — -* - 
^ ,o - DNA ins^on. S^c. «. were . -T* 

NAVIGATOR™ .** package (Pefidn-Elmer). ^ 

construct was named pMK3A-huANT3. aNTI ANT2 and 

The expression plesmid, encoding Hts-uggeo human ""V 
„ ^ereteferred.he.inasfotlows: For human ANTl,"pMKl (His-tagged huANTl) 

for human ANT2, ■»« (HU-* — « ^"f ^ 

ex »e„l litfitoe H— — «* - «- » ^ 7"" ^ - 
Bgge d hu ANT3, showed epitope Untof . "pMK3B". H-* ^ ^ 

VA) on November 3, 1998, and given the — n mmrbers ATCC 98969, 
" ATCC ~— — nn« de sconces en-ng human 
^ (pMKl-huANTl) end hmnan ANT, (pMK2-huANT2) were — ^ 
•n,. nucleotide seguences of plasmtds pMK.l-MiA« 
20 confirm their sflnctures. The nndeotnje see, mNOS lO and 11) 

pMK2-huANT2 „ determined using fire mefimds and pnmem (SEQ ID NOS.l 

tobedab0V ; re »e», of the — -NT3 prorein eapr.sod fiom pMK3A- 
huANT3 win, the His-TngOPRESS™ epitope polypeptide fiom *e 

25 protein; however, * re— huANT3 pro*, comprise* - »■ 

n amino eoids Pr..Ser.S.,Se,Me, who,. "Me," indices to — - 
Led „ fim —on initiation oodon of huANT3). Althou*, *e —» — 
iCo* -e little or no effect on - — ~™ pro* 0 denvanve 
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^resamn— li-**.-*— 

were deleted was prepared in the following manner. 

Tlic ^JUIK-CHANGE™ MM Mutagenesis Ki. M» «* 

Mia, LA| „MK3A-huANT3 DNA, the mutagenic oligonucleonde 

5 mixture comprising purified pMK3 A-nuAW u 

SEQ1DN0.12 

( ma underlined ^nenc. is me reveme complement r -d of the huANT3 rending 

10 S^ATCTGTACGACGATGACGATAAGATSAiXiGAACAfiGCC^TGICC 

SEQIDN0:13 

( mc underiined scuenco coreeaponda «o me 5" end of me huANT3 reding M * 

DNA polymery nnd dNTPa in manufacmrer-auppiiod reacrion buffer » prepared. Tho 
potynte f DNA syod,^ 

,5 mutagenic oligonucleotide primeta ware present m »coas »d y 

« cureied »u, in » themral cyder according to me manufaaurefs pretoool. re«o» 
Ilota were hanted with the restrict en*yme Dpn\, which - 
Li-mediylatsd DNAs but leaves umuem,« DNA V ,. preduc* of * 

macuon, L, and used m hansfonn EPICUREAN COLP" « - - 

■ , ... loll. CA) Plaamld DNA was prepared from twelve randomly 

d o„„g * cnaa.de wan defined according to m. memoda ^ 
^vnptamds .onlyonerelainod me origin, ^uenoe found mpM K -huANT3 and three 
UL undeshed point mumrion, One of the d* "correct" pl—s wss ohoaen and 
25 named pMK3B-huANT3. 

C expression of his-Tagged hu ANT3 

Cultures of E. call cells containing pMK3A-huANT3 were grown m LB 
med ia containing 50 ug/ml ampicillin to mid-log phase (CD. ~ 0.5) and induced for 
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^ witft — ^ of ^ (M. 0 0000,,, 0.0002% 0.00«^ - 

«t s 000 x e for 10 minutes at 4°C to pellet 

0 2%) One ml of each culture was centnfuged at 5,000 xgioriu 

1 1 Cell ^ were redded, - - eefta « » •» " - 
Lph.,0 Buffed Saline <PBS, pH 7.4) M 1% -ate, 1% M -»* 

5pecifi ed others., ,11 ohenticols . fton, S«. Louis, MO,. To,, pro.etn conten « 
I , y „ K was defined using «. BCA ***** acid; Stnrtb - A I W 
LL ,50:76-35, Pso.eioA^.d, (Pi- 0^,00.,^,^. 

I: ^tein was «- per lane o»«o an SOS * — ^ 

10 MM «0 a —so («VBOND" BCL Nitrocellulose 

— Ph^ia Biotech, — «» ^r^ls™ 

Human ANT3 fusion prolans were deWed in a "eaten, bio, ustng ANH-XPBESS 
Antibody (Inviftoge.) and horsed peroxi^njugatod --mouse seconds 
(Anto-sham Phannaeia Bioteeo, .ceding to the — f— 1 • 
., The nsult. » shown in P*» 3. Front loft ,o righ, m the figure, tto 

foHowing samples are show: lanes "M", weigh, ^ k- "0". 

InsLd « - cells; Vn", , - comprising pMK3A-htlANT3 .own 
ovemi „, wfthou, induction; laoe "1" - "5". * - — pMK3A-huANT3 g»w 

^»>^^.«^<^^^^" 

.howed no MS-WKi mated... However, exp^ion of reo— ANT3 
«- pt.tein wiftt » — * we*t of 30.6 hD - observed in laoos 3 «d 4 0.0,2 * 
»d 0.02% L^ahinoso, roapacftvely). No XPUaSS™-huANT3 ^ « d«ed 
Urnes 1 3^2(0.00002% «l 0.0002% L-«abino*, ,e S peodv..y)md i oa 1 iogft»,*=dog Ke 
25 of induction was insufficient under tee conditions. 

Colls that wore grown in the presence of Ore highest oonoentmtton of L- 

protein was deteeted. This indicted that ve* high expression of r«oot»h,n»t 
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huANT in E. * «— + dead, . <• — «• « «* — ** " 
heterologous proteins in bacteria. 

* nti I nr ai IZES TO THE BACTERIAL MEMBRANE 
D . RECOMBINANT HUANT3 LOCALIZES TO ^ 

In order to locate the expressed human ANT 3 within E. 

■ u, and induced with L-arabinose as described above, and then 

j ft 10/ Triton X-100) and incubated for 15 minutes at <~ m 
mo ue/ml lysozyme, and 0.1% lnton a iw; <u 

luuug/miiys ? . . d mem branes were pelleted 

ift nrhital shaker The cell mixture was sonicated for 2 minutes and mem 
10 orbital shaker. The supernatant, representing the 

by centrifugation at 12,000 x g for 1 minute aU C P ^ 

evtosol was removed for analysis (Figure 4, lane 4), as was a p 
cytosoi, w<* remaimng portion of 

containing membranes and inclusion bodies (Figure 4^n > 
me pellet was washed twice with cell buffer B (1 0 mM Tns-HCl, pH , 
,1 m DTD and centrifuge* at 12,000 x g for 15 minutes at 4 C. The pellet 

s« d „, 12 000 x K for 15 minutes at 4°C. The supernatant (containing 
was then centnfaged at 12,000 xgioru inclusion 
• u a- i-nP 1 Figure 4) and the pellet (contaimng insoluble inclusion 
solubilized inclusion bodies; lane 1, Figure 4) ana y 

u a- W2 Fi^ure^wereanalyzedbyWesternblottingasdescnbedabove. 
20 bodies; lane 2, Figure 4) were * Recombinant huANT 3 (molecular 

The results are shown in Hgure <*. 

» i ™aa well as the positive control lane t+j 

* ** « - — 1 ^ 1 3> * " ' In y we** i— bio. 

(toul ceh ,yss,e previously * I— <* «™ 

anaiysis, as described sbove). The sre-t snK-. of ■eoombmant hoATN3 was de 

^ — * - » - * rrid^r: 

„hich might have contained some «* »"«** 3 ' 
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i ~ No orotein was detectable in the soluble 
fraction where protein synthesis takes place. No protein w 

fraction w P • i„ ne i indicating that controlled expression of ANT3 in the 
inclusion body fraction in lane 1, indicating undesira ble 
b acteria did not result in the formation of inclusion bodies, which is an 

consequenceofover-e^ 

v PURIFICATION OF ANT PROTEINS 

5 TnT . - A" ton P^ns, ^ * - — 

_ a«M -av, P^ a - - * * •"— 

amounts of DNase ana kin Biochemicals) when the 

• ■ • ^ anH ANT solubility has been optimized is vigour 

M P^ore, i. v^ous ANT p— — * Have t. . - J. 

^-aposaibleamo-ofANTp^.,. lnhibit0 « such as, for 

M ^ (t a, ** .00,000*^- ^* e P (PMSF) ^o, (a., 
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•* in Potions of GST-huANT3 fusion poo.* bes, were - 

only leupeptin and pepstatin were used. 

One method tap*, novel — «—!«•— * 

5 used only ft. purifying ANT proteins from non-buman mammals, U, bovine «»dt«o 

Sterling ,9* In brief, bacterial cells expressing a * 

Z fusion protein were lysed by lysoayme «— . and "Cpabnibyl-CA (Stgrna, 
WB added m a —on of 50 nmo, per gmm of,, co, Because . - 

ANT pmrein in subse,uen. pnrincnrion step, Tbe lysa.es were men sonicated mt made 

W Tri.cn X-.00 (Sigma) - MM - « ' * '» ^ — 1 * * 
speed spin «* used ft remove insoluble maftria!, and fte firing sn,u,e was .ppbed 
ler ,„ for small scale preparations, ft ***** ^ ^io-Rad Lab— 
,5 Heronlea.W.oraXnmeonseoflargerp.par.^,,,.,,, , ta of be^on ftr* » 
a bydrottyapauft oolnmn (Bio-Rad, _d* ncomdftg ft one manufacrinor . 
morion, I* ofter inbamembmn. miftebondrial proftins, ANT * . nw 

UJi — - — ^ °— ^ a <iomM mops ' ph " 

2Q H.C 0.5% Triton X100) and weahed wift Column Buffer B (10 mM MOPS, P H 7.2, 
(OOmM Nad, 400mM sCium pboapnaft). Non-recombinsn. ANT proteins t fr» non- 
human species ere .luted in me void volnme win, Column Buffer A, and ft. GST*uANT3 
^pm.emw^peoftdftbep.sen.mOsevoid vo.mn.es wall; Colmnn Buff* Bw. 
us ed ft wnsh ft. column in tne even, ft.. GST.huANT3 fusion pruftm 
2S Samples were culftoftd in snob , numne, . ft bave a final concenWion of 30 of mM 
ucty glucuside (Calbiochem), » nomouio detergent dtat hehps —ae ANT pm emo 
2 minim, offec on aeuvity (Sterling. « !*»»>. Tne bend- 

eanacod supema- or column eluen, was collecftd, aud Triton X-.00 was removed 
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• the EXTRACTI-GEL™ affinity matrix (Pierce) essentially according to 
therefrom using the EXTRAS n udl n-imn 7UT» 

Vaaying — of GST.h„ANT3 * *- *- — «» 

^ ,„ PAGE - ft. ge, - — • — « <*» >— ^ 
■ «1 CA) The suined g* displayed a single band having a molec* w„gh, 

II of lying rt. and ft. knoww vo,um= of the ptepa^ton and — 

Z .! - — i- — * * 500 ng of ^ w * • II 

, cnJLfing M ware detented; this >*~ M d* GST-huANT, ptotetn was from 
a, least about 9W. pure to at leaat about 95% pure. 

0ST.b«ANT3 fusion proteins (see preceding Examples) b.vo bee. punned 
by «. m.thC, and othe, ANT fusion proteins, inning Hogged huANT3 and othet 

lagged ANT plains, . * - *— ^ W ^ — — 

15 used to produce purified human ANT proteins as follows. 

GST-huANT fusion ptoleina are furihe, purified via 
^ W — accnrmng to m. mannfacmrefs inactions, fit brief a solubtm 
„m jshtg GST-huANT «on protein* is — d wim 

*> L . washed ,o release undesirable cnnnummmts. Neat, me l^**"J 
20 Z*- a, heated with en apptopri* en^te, U. one die, « 
p^opfido horn me reminder of me M. ptolem. .n the cs. of 
Z protein deacrihed ta* (fa., mat encCcd b, P MK3C>, Ihmmbin fStgnt. c,e» s 
III on Ptolei. in snob a m»ner so as ,o p»dno. Pwo polype^ a firs, polyTepl.de 
to I* GST mote*, „d a so- pulypephd. which on^onds to unt» 
'j /• a n\M ^er-Pro-GW-Ile-Leu) present at its N- 
25 ANT3 with an additional six ammo acids {i.e., Gly-Ser Pro uiy 
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His-tagged huANT fusion proteins are further purified via Nickel-coated 
re sins (such as, , g , PROBOND™ Ni» charged agarose resin; Invitrogen) essentially 
resins (sucn as, s comprising His-tagged 

according to the manufacturer's instructions, inbnef, a solution c p 
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«te* e undesirable — Next, to ^-.His-bagged huANT] coropl«« « 

, L- herein, — - -MAX- uoro 

to fusion in a — - - - — « ^ 

poiypepbde uprising to Hi,-,, end XPRESS" epi»pe moteb.s, ~- 
L^Hi which exponas ,0 hun»r ANT 3 . .( to exprosao. «— - " 
^A, to — purified hronan ANT3 protein t. an — row arorno - 
,. Z L-~**«i-H— .fpMK3Biatoe^,n — pre»u 
to* from which « huANT3 is W-i. to — pu^ed hronan 
protein has to sequence of native huANT3, i.e.i SEQ ID N0:3. 

' ,„ bod, of to preceding position steps, . ANT fusion peotero bound so 

. sold suppot is — -h » «■*• « — * ~ ™ 

„ ANT protein froro to reminder of to W. pro* which hound ,o to so ,d 

AhfTproteinisro^^toUquidph^widoMstoucoiieotedrosonesate 

Xon comprising to ANT protein and — — of to hherodng ~- The 
— - hec-to^^vrrcu,^ 
— s, some enzyroe rented* ro to preparodon. If desirod, en^e mo«« nte 
20 be rorooved froro to preparodon using any of . vasiery of means known ro to t F„ 
1,1, an enzyroe rosy ho ^noved from a »,udon hy oouteodng to +~ - 
rosin conjugated fo . ligund having a high affiniry for the enzyme. In to « f 
resmcomug ok-waY™ resin (Invtaogen) which oumpmes to 

e „terokinases,ouesuchresro.stoEK-AWAy 

rrypsin MM. having a l» afflnity f» • Metods o dn-Ung 

25 GST ^proteins wtdt throrobin puling to desired reeombton, P».«n ha 

, d ' i o nd ca Ausubel et aL eds, John Wiley & &ons, 
in Short Protocols in Molecular Biology 2 Ed., Ausubel « « , 

L vo* New Y„r„ pages l» » >«>• - gene* howevoz any — ,e 
roe„sfo,separoungto,ibero,ingen Z y™e u oro»y^ANTpro,einroaybeused^ 
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EXAMPLE 2: 

Expression of GST-huANT3 Fusion Proteins 



5 A GENERATION OF GST-HUANT3 EXPRESSION CONSTRUCTS 

Human ANT3 cDNA was amplified from pMK3A-huANT3 by PCR as in 
Example 1 but using the following primers. In the following representations of PCR 
primers, underlined nucleotides indieate sequences complement^ to the 5 -ends and - 
ends of the ANT cDNAs and double-underlined nucleotides indicate recognition sequences 
10 for the restriction enzymes XHol (recognition sequence: S'-CTCGAG) or EcoK 
(recognition sequence: 5'-GAATTC). 

The primers used for PCR amplification were: 

Forward (sense): 

5>.CCCGGGGA^TGAIGACnn A A CA GGCC ATCTCC, and 

SEQ ID NO:14 

15 

Reverse (antisense): 

5>.CCCGGGC!CJM0TIAC^^^ 

SEQIDNO:15. 

The expression vector P GEX-4T-2 (Amersham Pharmacia Biotech) was 
20 used to generate huANT3 fusion proteins comprising an enzymatic polypeptide and an 
ANT polypeptide. This vector comprises a lac? (repressor) gene a tac promoter operably 
linked to a glutathione S-transferase (GST) gene from Schistosoma japonicum. (Srmth * 
al 1988, Gene 57:31-40), the coding sequence of which has been modified to comprise a 
thrombin cleavage site-encoding nucleotide sequence immediately 5' from a mult* e 
25 cloning site. GST msion proteins can be detected by Western blots with an -G T or by 
using a colorimetric assay; the latter assay utilizes glutathione and l-chloro-2-4- 
dinitrobenzene (CDNB) as substrates for GST and yields a yellow product detectable at 
340 nm (Habig et al, 1974, J. Biol. CHem. 2,9:7130-7139). GST fusion proteins produced 
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from expression constructs derived from this expression vector can be punned by e.g., 
glutathione affinity chromatography, and the desired polypeptide released from me fuaon 
pr0 duct by thrombin. Tims, this expression vector provides for the rapid punficatmn of 
fosion proteins, and release of proteins with relatively few extraneous N-termina ammo 
5 acids.almoughmeresultingrecombinantlyproducedprot^ 

cultured cells of, e.g., 1-5 mM isopropyl-beta-D-thiogalactopyranoside (IPTG; Fluka, 
Milwaukee, WI) and provides for high-level expression. 

Plasmid pGEX-4T-2 was prepared by digestion with the restncuon 
1 o endonucleases EcoM and Xhol according to the manufacturer's instructions and subjected 
to horizontal agarose gel electrophoresis and b.d extraction using the UltraClean GelSpm 
kit (Mo Bio Laboratories). Restricted ANT cDNAs were ligated with the restncted 
expression vector DNA as described in the preceding Example. Single colonies were 
selected for grown in 3-5 ml of LB broth containing 50 ug/ml ampicillin (Roche Molecular 
15 Biochemicals), and plasmid DNA was isolated from the bacterial cultures using the 
WIZARD™ Plus Series 9600 Miniprep Reagents System (Promega). To confirm then 
authenticity, the recombinant huANT nucleotide sequences present in the pGEX denvafive 
plasmid were determined as described in the preceding Example using the previously 
described oligonucleotide primers and 5' and 3' PGEX Sequencing Primers (Amersham 

20 Pharmacia Biotech). x _,, rr(!T 
The resultant GST-huANT3 expression construct was named pMK3C-Gb - 
huANT3 (also referred to herein as pMK3C). Plasmid pMK3C has been deposited at the 
American Type Culture Collection (ATCC; Manassas, VA) on November 3, 1998, and 
given the accession number ATCC 98973. Thrombin treated recombinant huANT3 protean 

25 produced from the P MK3C-GST-huANT3 expression construct includes several extraneous 
N-terminal amino acids, i.e.. Gly-Ser-Pro-Gly-Ile-Leu-Met, where "Met" indicates the 
annuo acid encoded by the translation initiation codon of huANT3. There is, however, no 
evidence that the extraneous six amino terminal amino acids have any effect on the 
resultant recombinant huANT3 protein. 
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to order to confirm expression of the GST-huANT3 fission protein, the 
Mowing experiments were eroded on.. Eight independent,, isolated pMKBOGST- 
huAMT3 .nmstormanos and one eontrel (vector Wotoned) isol..e were grown ov«m.gh 
m LB. m picillin and then ddutod 1:20 in 2 tn, of fresh mania. After 3 hows of grow* a, 
5 37 . C IPTGwas added to . fiM l ooneen.ra.ion of 0.1 mM. Cell grow* was — d for 
2 home, .*« which 1 .5 of cell, were to nricrofitge tubes, glared, resnspnnded 

in 300 UL nf cold PBS cnnuining IV. Tdton X-100, and anniented twice for 8 second. 
The sonicates were spun for 5 min. .. 4°C, the snpemannt. was transfenod to tab 
miorofng. mbes and 50 «L of glutnthione-ngtuose beads (Sigma) ware added to produce . 
,0 50% stay. After . 5 min. inchafinn a. amhien, temporatore, dte heads w^o spun and 
wash ed win, 1 ml of PBS three time, The washed pellet was resuspended ,n SDS sp 
buffer (62.5 mM Tds, pH 6.8, 2% SDS, 10% glyeerel, 5% beU-meronptoetool and 
Relent bromophenol bin. to provide visible eoloredon), and 30 u L of e- prepamtton 
(eu^en. to 15 nL of onltnre, was anniented to SDS-PAGE. The ge. was stained nsrng n 
,5 colloid,! Coomassle (O-250) Staining Ki, (Novex, Snn Diego, CA). A band of the 
peered molennlar weigh, of mo GST-huAPl.3 fusion protein wns readily apparent - 
I intensity, in eaob of fine 8 prepanafions from pMK3CCST.h„ANT3 

ttansfonnants: fins band was .bsenl in the cuntrol prepnsntion. 

B WESTEKNBLOTANALVS.SOFEXP.ES8.ONOFHOANT3FnS.ONPT.OTE™ 

20 ' BCOU transformed with either (1) pMK3A-huANT3 (the pBAD/His- 

h„ANT3 expression nonsnno,, . (2) pMK3C-GST-huANT3 (me pGEX/GST-huANT3 
expressinn ennsnnnt) were lysod by fine addnion of lysozysne (100 nM Sigma « » 
mln « room temperature, followed by one fteeze/thnw cycle. The negative c.nd.1 for dte 
tone, trensformsn. was . pnrellel oultore of five nunsfonned cell, dud had not u» ergon. 

25 ^.binose indnodon. Tne conno, for mo Inner nansfonnant wns , pnreM onlmre of E. col, 
that had been ttnnsformed win. the pGEX-4T-2 vector only. 

Toul protein conoenundons of each lysate were datenruned nsmg the BCA 
Pretoin Annoy kit (Pieree Cheonctd Co.l, and equivalent nf to* pmntin from each 
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lysUe prepamuon were mixod wins «M« volumes - * >— — *~ 
buffe, »d »bj«c«d to SDS-PAGE. The promiua worn cleettophomticany _M 

^ose, whioh « «. «— - — — Til 

« in e.ch vector 0... ANT1-XPRESS™ from ~ for pMK3A-huANT3 end 
5 pCvclonal goa, -KW ft. Amemham Phannaei. Bioteeh, formerly Nycomeu 
AM^p.c^P^^Upiob.Ino.fcpMKSC-GST-huANTa,^ 

ta . »p»*. experiment the bacterial lysate fen, the P MK3C-GST. 
huANT3 «nnsfon»»n K was incubated with agarose-glutathione baada (Sip..) according to 
ft. unions (s* the preceding eecfion an. Smith , * Expression and 

,„ Purifiction of Glutahlone S-Tmnafemee Fusion Protein,, Unit ,6.7 of O*. r M . 
W Eeotoc* in JM-tr M« 2nd Ed., Asnbo, « «,., «ds„ John Wtley * Sons, 
NOW Yorit, New Yorir, .992, pages 10-2S to 16411 The beads w». suspended -n 
UemmH sanrple buffer end subjected ,« SDS-PAGE and Western analysis as desenbed 
*ove. Although the yield of GST-buANTa was .ow, perhaps M one fusion pro c„ ts 
15 mserted into the bacterial tnombtune, . sufficient .mount of marerial wss mcoveted for use 
exp»ment. ^ ^ ^ ^ ^ ^ ^ ^ ^ rf ^ 

^ ,His.T,g ♦ en— site ♦ antigenic * ♦ buANTs - 3S MM- 
0 bsld in fine ambinos. induced M -ha, were hansfomted win, me pBADfms- 
20 huANT3 vector, but was absent in the non-induced control culture. SimiUriy, , .ban 
ending to GST-huANT3 « *«d * the pMKSC-GST-huA™— ed 
£ «* while otdy the unaltered GST band was obse^ed in control C <* — ' * 
ft. expmssion vectoe. Purifiction of fine GST-huANT3 fusion patent using ag^GSH 
beais pmdueed aband of equivalent size to that ob^ed in dto on.de lysnte of pMK3C- 
25 GST-huANT-transformed bacteria. 
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EXAMPLE 3: 

Expression of ANT3 in Insect Cells 



A GENERATION OF BACULOVIRUS EXPRESSION CONSTRUCTS 

DNA comprising nucleotide sequences encoding huANT3 was amplified by 
5 PGR from a whole human brain cDNA library (Clontech) using the following primers. In 
the following representations of PGR primers, underlined nucleotides indicate sequences 
complementary to the S'-ends and 3'-ends of the ANT cDNAs and double-underhned 
nucleotides indicate recognition sequences for the restriction enzymes BamHl (recogmtum 
sequence: 5'-GGATCC) or£coRI (recognition sequence: 5'-GAATTC). 
j 0 The PCR primers used were: 

Forward (sense): 

!> 1 1A1 ismtgCC Mmflft ^^^ATrTCCTTCGCCAAA, and 

SEQ ID NO: 16 

Reverse (antisense): 

SEQ ID NO: 17. 

PCR products were digested with the restriction endonucleases BamUl 
(New England Biolabs) and Eco*! (New England Biolabs) according to the manufacturer's 
recommendation, Subsequent purification was carried out by horizontal agarose gel 
20 electrophoresis and band extraction using the UltraClean™ GelSpin kit (Mo B» 
Laboratories, Inc.). 

The Baculovirus transfer vector P BlueBacHis2 (B version, Invnrogen) 
comprises, in 5' to 3' orientation, a constitutive polyhedrin promoter operably linked to 
nucleotide sequences encoding (1) a translation initiation sequence, (2) an N-termmal 
25 polyhistidine sequence ("His tag"), 0) an XPRESS™ epitope tag for detection and 
purification of the recombinant protein and (4) an enterokinase cleavage site, followed by a 
multiple cloning site wherein cDN As can be inserted. 
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The «*r vector pBlueB.cHifl - preyed by digesrion win, the 
r— - - — -A was subioc, .» £ 

, uJUl^). * — *-* 
vector DNA as in the preceding Examples. 

Compote.. B. coll TOP10F ells (Invtaogen) weto tesr.fontted wrth th 
lig , lta teaotioo following the I— Single colonies M~ 

in 3-5 en, of LB brod. — ning 50 uglml .mpicillin. P— DNA was 
„ ZZ from dte frncreti, cultures using dte WIZARD™^ Series *00 Mnnprep 

Reagents System (Promega). 

The recombinant ANT gene sequences were determined and the, 
authenticities confirmed (SEQ ID NOS:l, 2 and 3 correspond to human ANTs 1 2 - 3. 
respectively) by DNA sequencing using the Prism Ready Dye Terminato Cycle 

15 Sequencmg t aaatGATAACCATCTCGC (SEQ ID NO:18); 

Forward Sequencmg Priming Site AAAT cc (S£Q m 

Baculovirus Reverse Sequencing Pnming Site, 5 -AC tAftu 

, i , n thP ANT 3 coding sequence (sense strand), 5 - 
NCH9V primers internal to the AN l J cuu" B ~* 

ACTTCGCCTTCACOGATA (SEQ ID NO:20); - ,-TACOGCCAAGOGCATTCT 
20 ,SEQ ID N021X Primers internal to the ANT 3 coding sanrencn <a»»s»se strnd), 5 - 
TOAAGCGGAAGTTCCTAT (SEQ ID NOt22); and ATGCCGGTTCCCGTACGA 

S X ,0.3, Seoneneo da* were analysed nsing the SEQUENCE NAVIGATOR™ 
Lysis software p-age (rerkin-EImer, An isolared p.— having dt= oorreo. 
s eqnenoewa S nantedpMK4A-ht 1 ANT3. 
„ Although pMK4A-huANT3 contains auurenuc hnANT3.ncod.ng 

scenes, <. ANT3 reading fee,, is no, synchronous win, one reodtng (hame rf ft. Hr, 

".XPRESS™ epitope of ft. oppression vecror. Accordingly, pMK4A-huANT3 ts no. 

expected ro produce recombinant ANT protein, nlrhough cells banning it may be used . 



controls. 
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In onta to generate „ in-tan. derivative of pMK4A-huANT3, ft. pi— 
« mn.agenized using ft. QUIK-CHANGE™ Si.e-Direc.ed Mutagenesis Kl> (Sha.agene) 
as i„ Examp,. ., excep. fta, ft. mtnagemc oligonuoleotide primers u*d , 5- 
sfl£CIB1I CCC aM : CT rATCOTCATCGTCO (SEQ ID NO:24; ft. underitn* 

5 ^ is - **• - ° f hoANT3 resdins 7*""; 

CGACGATGACGATAAG^SfiflMQAQfia (SEQ .0 NO:25 ; ft. -M~> 

^ueoco cttespnnd, ,0 fte 5' end of fte huANT3 reading M. >— «-»— ' 

w „e MM and pia— DNA purified * — * ~ * * 

plasmid DNAs w» d— - - » *■ "<°" 8M " «^ ,,le,, " fie<i 

10 named pMK4B-huANT3. 

The baculovinrs expression plasmids encoding human ANT3 are refetred to 

, "pMK4A (baculovitus shu.fi., ont-of-fhame hu ANT3) OS "pMK4A"; and "pMK4B 

,, the American. Type Cultum Collection (ATCC; M« VA) on Noven.be, 3, .998, 
15 and given the accession number ATCC 98972. 

,„ orde, to inaeri arrqu.nces encoding fte huANT3 proKin (and assocrated 
togolato, so,uencns, into fte baculovfius genome, insec, cells (MAXBAC™ 
^ » ceils, Invito Clsbad, CA; or Trtchopbtsia n, cells, S » 

oio, CA, were ooWected wift ft. h— bansfe, — pMK4B-huANT3 
2 0 and linear hncnlovim. — polynedrosis van* AcMNPV, 

DNA engineer*! to contain a prom.teriess 3' fragment of fte lad gene (BAC-N-BLUE , 
Utvifiogen, -ins BAC-N-BLUE™ Wecfion Kit (.nvifroge.) Mown* fite 
oumufachuer's instructions. Recontblnan, baculovitns plarmes express fhncnonal beta- 
galacaosidas. and we« identified aa blne plains in fte presence of X-ga> < 5 .btomo-4- 
2S ch,„ ro .3.ind.yl-b*0-giao.nsidase, These recombinant vfruaes are expression — 
ft* expose human ANT3 polypnptide in M cells, . shown b, ft. followmg 
experiments. 
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B WEST ™ Blot amalysb of b^vms Exnnnssto,, Systems 

High .to vM sto* was product, and ^oombtant P"»- «• «P-~> 

to infected SB (Invihogeo, CA » - E " (PtarM ' ,,Be "• S " T f 

aceorfing ,„ the nt—es — ons (see * P— « «*--^ 
, P»«ei„s in Insect Cells 0 sin g Baculovirus V« Section 1, of Chap,. .6 ». 

Vo* New V* ,992, pages .6-22 ,0 M Ki.es, Chap.ee 7 in: >-b«. 

Meftods in Molecular Biology, V»i. 39, C.R. Rioh»dso„, Ed., R«. 
Totaw«,NJ, 1995, pages 129-142). 

T,ansfee,ed SB cdls we* pelleted hy centHfugation and ,ys=d hy adftng 

,00 pi of MSB buffe, (210 n*. nuntni-o, ™ - -~ < F "* 5 ° *" S - 

„C, P H 7.4, 10 mM EDTA) and performing *ree «-«» cyo.es. A «ri 
J. a cytosolic taction, . submi.ochondri.1 (SMP) fraction. . ntitochondnal 

Lon and a pta na — — ware P^ as Mows. The ce„ ,ys» - 
,5 eeutrffuged . «. . » .0 .ninntes .. 4«C ,0 psepa* a pUsn,. 

— -- * Z 

u, of MSB, centred at m g foe .0 ntinn.es a, 4a C , ami used for dto analysts. T» 
supernatant was removed, oonthined win, ft. H supe— »d mixed Wf » * 
sup^aun, was use4 to ptepa. a mi— fraction and a Cos* frachon by 
20 cenfrifugation a, ,4,000 g fo, 15 minutes a, 4'C, dtc pc,,« represents me mttocho dna, 
fcJL.*-^— repreac* 0« 05*0,. The other half of the supernatant was 
riM a. ,4,000 g for ,5 minutes - « . Produce a m i„chondH.— ng pe, « 
mat J upended in MSB, inouh.au with 0.25 mg« digitonin (Roche MoUcul. 
Biochemicals, fomerly BoehHnge, Msn^im, ntdianspoh, DO for 2 nun and spntc*Kd 
25 fo, 2 tnin « 50-/. duty cyo,e in , cup-hotn sonictor .0 pnAce submitochondna, parftcles 

(SMPS> ' The protein content fo, each fraction was detemtiued using ft. BCA Protein 
A™ u, (Pie™, Chentienl Co.), and » ng of «- P"— «• ^ >» °"" > " 
« ; lU^do g «,, —res* »d — to . HY***- 
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< t ;fr ccience^ Fusion proteins were detected in a 
Nitrocellulose Membrane (Amersham Life Science). P 
western blot using ANTI-XPRESS™ Antibody (Invitrogen, Catalog #R910-25) and 
pero •dase-eo.ugated anti-mouse seconds antibody (Amersbam Life 
Science} following the manufacturers' instructions. 

. ReM fr 

OST-huAKH fusion ptotein 0-*— 3 « "» " **** " a 

totenae in mitochondria aod — pantos — - - 

». cytosoiic fraction, ih. tm m~ - *• >— ~ *— ™" B 

,0 II integmted into -he mitoohondHa, — mom Mr «- - *• 

rl — . Furthermore, all of the recombinant protein integrated ' nt ° ""^^^^ 
L no sign, was detected in the cytoa* «o„. m « U. - *• 

„ N ,aca, ro m 8 tom=m M »f.o«»^i»hr,o«»»»(Ql»^;Hild e »,Oem, m y). 

Thus . in I ool, , huANT3 is oxptessed in *. MM-* system. 
Fu—recomhu- y prndn^^i^epitopo-te^hn^NT, «on ^em ts 

appropriately MM - *e — * SS * *** * *— ° 1 
1L. N-temrin, 1 amino acid, ar. can he isoiated from <*» — W — 
mat toko >rd,a„uge of 0* His-Tag moie^a afflntty for motels S »oh «. «, ntcKel. 
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EXAMPLE 4: 
EXPRESSION OF ANT3 IN YEAST 



A EXPRESSION CONSTRUCTS AND HOST CELLS 

Human ANT3 cDNA was amplified by PCR as in Example 1 but using th 
25 following primers. In me following representations of PCR primers, underlmed 
nucl JL indicate sciences complementary to the ,-ends and ,-ends of the ANT 
cDNAs and double-underlined nucleotides indicate recognition sequences for 
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restti cdon enzyme, « (-^on s^enco: S'-CTCGAG) or *n. M» 

sequence: 5'-GGTACC). 

The primers used for PCR amplification were: 



Forward (sense): ^ a -rrTrrTTCGCCAAA, and 

5 



SEQIDNO:28 



SEQIDNO.29. 

PCR pmdm*, -d expression vecior DNAs, were digesred with ft. 

M «*— . « - <>»» — - " 
Bio— «o rb. — « 'S — — -« 

r~don buffer. Th. exp^i.n v=o,o, pYESa (fa*** - 
vl co^s . -P.« cloning sir. — —V — > 
s «u prom o,«,»w e „ .me.oodg.nofropli.abon.ndm.S. — ™ 3 — " 
Ugh .copymai«co m d»l=ooonin»™3ye-l*'= s l» , * vd ''- 

md bm d .xrraorion using * 0** » Bi ° — ** "T^ 

and uaod ,o Worm * - * - - - — ^ ~ 

20 DNA M isolated from sevoral the nuoleond. seqnenoe o K - 

DNA » do— and — >o bo M of huANT3. On. oonnrm*. pi— »a S 
choaen.oboosedforfinlhe.sn.dy-dwasdesignaUdpMKSAChuANTS). 

A s «co„d yeas, huANT3 .xpression vector, pMK5B, was conaduored as 
foll ows. Piaamid, pMK5A and pVBSTrp 2 (Invirrogen) wore dig*od • «-*- 
25 onzymea «■ and MI (bod. from Now England BioUba) - gal punned 

^ to Worm < - aa above. It. oppression v.* pVBSZPrp . P^ 

M oompHs* a TRPl marker. Plasmid DNA was rsolared torn sev»al 

and reanicdon mapped ,o confrrm mo anuomre of me »poc,od exp.as.on 
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On. — P .asntid - chosen «o h. used fo, ft*. «* »» was 

designated pMK5B (huANT3)- 

A third yoas. huANT3 expression vector, pMKSC, was corseted usmg 

expression vector pVPGEe, which oomprisea a »PI aele-0 - 
5 PGfC ptomou, up S rm» front a tntdfi* 4*. * Ptune., I - ** «» « 
p, M .,308). H-« PVPGE2 DNA - digged with M and ^718, ge.-P«nM 
^hgaed «l« ^^.g-tastnctadbuAKn PCRpmduc. of Example I. The 
UsMim mixtum was used to nta. £ »«. and plasmid DNA was isohded from sav^i 
JL— and msfiiofion mapped to oonfiant the shuo««e of «. ^- — 

,„ conshu.t. 0. fc 
design»tedpMK5C(huANT3). 

,n oete to generate yo*. expression avstems, me S. stram 

n«vs.i wto, *«* « •»!•». «M» «- — ta - d "* ^ PMK5 K A ; 

P MK5B «td PMK5C DNAS using the S, EASVCOMP™ Transformation Ktt 
,5 (htvitregen). A sacund S. «rov,„« shain, JA.A3 pife faM fcdJM W- 

„ J-, S . trpl-1. «M - W« ^3::^) was *. 

M wtm dte expression — s. The AAC genes enccue me three tsofitnns of 

ta mi.cuh.ndda. ADP/ATP fi—r in S. oerevtaioe and are in.enup.ed . » 

J41i3 (Gimud a. a.., J. Mo,. M «*M» J» » » *» 
20 n^fonnants of JA1A3, whioh . inuapable of expressing endogenous ANT (AAC 

proteins, win only express dte human ANT protein enooded by the expression eonstru« 

with which they have been transformed. 

B Northern blot analyses of yeast expression systems 

to crier to examine levels of huANT3 mRNA production in shun, JA1A3, 
25 NodEem onuses of culls harmed with pMK5B and P MK5C were petfotmod 
according ,„ ntedtod, known i. i. «t k « uansfintned oolls nnd con.ro 
(oMrm sf.rmed) oeUs grown .o mid-log phaao. harvested and lyaad. RNA was extreered 
fion, dte lyan.es, oUohophoreaad and hunsfened ,o . nihoool.ul.so filter (son True, 
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Preparation of Yeast RNA, Unit 13.12 of Chapter 13 in Short Protocols in Molecular 
Biolosy, 2nd Ed., Asubel et al., eds., John Wiley & Sons, New York, New York (1992), 
13-44-46 and Seldon, Analysis of RNA by Northern Hybridization, Unit 4.9 of Chapter 4, 
Id. 4-23-25) The Xhol- and y4sp718-restricted huANT3 PCR product of Example 1 was 
5 ^labelled and used as a probe, and an RNA preparation from human spleen tissue was 

used as a positive control. 

The results (Figure 10) demonstrate the appropriately-sized ANT3-speafic 
RNA is produced in human spleen and in yeast cells transformed with either expression 
vector, but not in ^transformed yeast cells. The P YPGE2-derived expression construct 
10 PMK5C, which directs ANT3 expression from the PGK promoter, clearly results m more 
ANT3 RNA than the pYES2Trp-derived construct pMK5B, in which ANT3 expression * 
driven by the GAL1 promoter. In either case, however, significant levels of huANT3- 
specific RNA were produced in a yeast background that lacks any endogenous adenosme 
nucleotide translocator proteins. 

15 

EXAMPLE 5: 
EXPRESSION OF ANT3 IN MAMMALIAN CELLS 

The preceding Examples describe a variety of means by which ANT and 
20 ANT fusion proteins can be recombinant* produced in various systems. Although such 
• ANT proteins can be used in a variety of assays (see infra), it may be desirable to .solate 
large amounts of the native ANT protein from mammalian cell, In particular, as descnbed 
in this Example, it may be desirable to produce recombinant viral particles in which ANT 
proteins are displayed in the viral envelope. Such ANT-displaying viral parUcles are 
25 expected to be very stable and useful in a variety of assays including, for example, those m 
which compounds binding to ANT proteins are screened and identified. 

Another useful outcome of mammalian expression systems is the generation 
and isolation of human mitochondria in which a particular ANT isoform is over- 
represented in order to determine the specific biological role(s) of such isoform, For 
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example, ANTS is apparently ubiquitously expressed in human tissues, whereas ANT1 ,s 
primarily expressed in heart and skeletal musele (Stepien et «/., 1992, J. Biol. Chem. 
257-14592-14597). Directed overexpression of huANTl in cultured heart or muscle cells 
is expected to result in mitochondria that contain mostly the ANT1 isoform. Such "ANT 
5 isoform-enriched" mitochondria can be isolated and tested for various mitochondnal 

functions. . 

Constructs for expressing ANT proteins in mammalian cells are prepared in 

a stepwise process. First, expression cassettes that comprise a promoter (and associated 

regulatory sequences) operably linked to nucleotide sequences encoding an ANT protem 

10 are constructed in bacterial plasmid-based systems; these expression cassette-compnsmg 
constructs are evaluated and optimized for their ANT-producing ability in mammahan cells 
that are transiently transfected therewith. Second, the ANT expression cassettes are 
transferred to viral systems that produce recombinant proteins during lytic growth of the 
virus (eg. SV40, BPV, EBV, adenovirus; see below) or from a virus that can stably 

15 integrate into and transduce a mammalian cellular genome (e.g., a retroviral expressmn 
construct). 



A Transient expression 

With regards to the first step, commercially available "shuttle" (i.e. , capable 
of replication in both E. coli and mammalian cells) vectors that comprise promoters that 
20 function in mammalian cells and can be operably linked to an ANT-encoding sequence 
include, but are not limited to, SV40 late promoter expression vectors {e.g., pSVL, 
Pharmacia), glucocorticoid-inducible promoter expression vectors (e.g., pMSG, 
Pharmacia), Rous sarcoma enhancer-promoter expression vectors (e.g., pRc/RSV, 
Invitrogen) and CMV early promoter expression vectors, including derivatives thereof 
25 having selectable markers to agents such as Neomycin, Hygromycin or ZEOCIN™ 
(eg. PRC/CMV2, pCDMS, pcDNAl.l, pcDNAU/Amp, pcDNAS.l, pcDNA3.1/Zeo and 
pcDNA3.1/Hygro, Invitrogen) In general, preferred shuttle vectors for ANT genes are 
those having selectable markers (for ease of isolation and maintenance of transformed 
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cells) and inducible, and thus regulable, promoters (as overexpression of ANT genes may 
have toxic effects). 

Methods for transfecting mammalian cells are known in the art (see, 
Kingston et al, "Transfection of DNA into Eukaryotic Cells," Section I of Chapter 9 nr. 
5 Snort Protocols in Molecular Biolo®, 2nd Ed., Asubel * */., eds., fohn Wiley & Sons 
New York, New York, 1992, pages 9-3 to 9-16). A control plasmid, such as pCHllO 
(Pharmacia), may be cotransfected with the ANT expression construct being exammed so 
that levels of ANT can be normalized to a gene product expressed from the control 

plasmid. A 
10 western analyses of mammalian expression systems are performed 

essentially as described in the preceding Examples, except that different methods are used 

to prepare protein preparations from mammalian cells as opposed to bacterial, insect or 

yeast cells. Such methods of isolating proteins from yeast are known in the art (see, for 

example, Kingston and Sheen, Unit 9.6A and Brasier, Unit 9.6B of Chapter 9 in: Short 

15 Protocols in Molecular Biolo^ 2nd Ed, Asubel * al, eds., fohn Wiley ft Sons, New 

York New York, 1992, pages 9-17 to 9-23). Preferred expression cassettes, consxstmg 

essentially of a promoter and associated regulatory sequences operably linked to an ANT 

gene of interest, are identified by the ability of cells transiently transformed with a vector 

comprising a given ANT expression cassette to express high levels of ANT protein when 

20 induced to do so; these expression cassettes are incorporated into viral expression vectors. 
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B. Viral expression 

Nucleic acids, preferably DNA, comprising preferred expression cassettes 
are isolated from the transient expression constructs in which they were prepared, 
eharacterized and optimized (see preceding section). A preferred method of isolating such 
expression cassettes is by amplification by PCR, although other methods (,g., digest™ 
with appropriate restriction enzymes) can be used. Preferred expression cassettes are 
introduced into viral expression vectors, preferably retroviral expression vectors, m the 
following manner. 
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A DNA molecule comprising a preferred expression cassette is introduced 
into a retroviral transfer vector by ligation (see preceding Examples). Two types of 
retroviral transfer vectors are known in the art: replication-incompetent and rephcahon- 
competent. Replication-incompetent vectors lack viral genes necessary to produce 
5 infectious particles but retain exacting viral sequences nectary for viral transrmssum. 
Such exacting sequences include the VP packaging sequence, signals for reverse 
transcription and integration, and viral promoter, enhancer, polyadenylation and other 
regulatory sequences. Replication-competent vectors retain all these elements as well as 
genes encoding virion structural proteins (typically, those encoded by genes designated 
10 gag, pol and env) and can thus form infectious particles in a variety of cell hues. In 
contrast, these functions are supplied in trans to replication-incompetent vectors m a 
packaging cell line, i.e, a cell line that produces mRNAs encoding gag, pol and env genes 
but lacking the V packaging sequence. See, generally, Cepko, Unit 9.10 of Chapter 9 m: 
Short Protocols in Molecular Biology, 2nd Ed., Asubel et al., eds., John Wiley & Sons, 
1 5 New York, New York, 1 992, pages 9-30 to 9-35. 

A retroviral construct comprising an ANT expression cassette produces 
RNA molecules comprising the cassette sequences and the Y packaging sequence. These 
RNA molecules correspond to viral genomes that are encapsidated by viral structural 
proteins in an appropriate cell line (by "appropriate" it is meant that, for example, a 
20 packaging cell line must be used for constructs based on replication-incompetent retroviral 
vectors). Infectious viral particles are then produced, and released into the culture 
supernatant, by budding from the cellular membrane. The infectious particles, which 
comprise a viral RNA genome that includes the ANT expression cassette, are prepared and 
concentrated according to known methods. It may be desirable to monitor undesirable 
25 helper virus, i.e., viral particles which do not comprise an ANT expression cassette. See, 
generally, Cepko, Units 9.11, 9.12 and 9.13 of Chapter 9 in: Short Protocols in Molecular 
Biology, 2nd Ed., Asubel et al, eds., John Wiley & Sons, New York, New York, 1992, 
pages 9-36 to 9-45. 
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Viral particles comprising an ANT expression cassette are used to infect in 
vitro i,g., cultured cells) or in vrvo (e.g., cells of a rodent, or of an avian species, which are 
part of a whole animal). Tissue explants or cultured embryos may also be mfeeted 
according to methods known in the art. See, generally, Cepko, Unit 9.14 of Chapter 9 m: 
5 Short Protocols in Molecular Biology, 2nd Ed., Asubel et al, eds., John Wiley & Sons, 
New York, New York, 1992, pages 9-45 to 9-48. Regardless of the type of cell used, 
production of ANT protein is directed by the recombinant viral genome. 

In a preferred embodiment, recombinantly produced ANT proteins are 
inserted into the cell membrane of cultured cells. Because the retroviral expression 
,0 construct produces viral particles by budding of the cell membrane, the resultant viral 
particles delivered to the culture supernatant have ANT protein incorporated mto then- 
capsules, preferably on the surface of the particles. Such ANT-displaying viral particles are 
expected to provide a stable format for ANT proteins and to thus be useful in assays usmg 
ANT proteins, either directly or as a source material from which ANT can be further 
,5 purified. If it is desired to minimize the amount of ANT protein inserted mto 
rnitochondrial membranes, pP cells, which have been treated in such a manner as to be 
nearly or completely devoid of mitochondria, are used as host cells. 

C. Preparation and Expression of pCDN A-ANT3 Expression Constructs 

ANT3 cDNA was amplified by polymerase chain reactions (PCR) in a 

20 thermal cycler using the following primers, AMPLITAQ™ DNA Polymerase (Perkin- 
Elmer), and reagents and buffers supplied in a GENEAMP™ PCR Reagent Kit (Perkin- 
Elmer), according to the manufacturer's instruction, In the following representations of 
the PCR primers, underlined nucleotides indicate sequences complementary to the 5'-ends 
and 3'-ends of the ANT3 cDNAs, double-underlined nucleotides indicate recognition 

25 sequences for the restriction enzymes Xhol (recognition sequence: 5'-CTCGAG) and 
^718 (recognition sequence: 5'-GGTACC), and the ANT3 start codon (ATG) and the 
reverse complement of the stop codon (TAA) are emboldened. 
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Ue prime* u*d .o ampfify ANT3 (huANT3; SEQ D> NO:3> from 
« ANT3 exprearion — (pMK3A-huANT3, Mc. pBAD/His-ANT3) were: 
Forward (sense): 

r( iG I ^CCATGACGG, VACA^ 

SEQ IDNO:31 



1J CApi^^iJiv" ^« 

SEO IDNO:31 



SEQIDN0.32. 

PCR produots were digesred with ft. «-**» ^ 

n™, Roche Molecular Biochemicnls) according lo ft= 
10 *p718 (both enzymes from R°* e moico Eostli cle<i 

Jlm«»»re.n,^«»M°^ 

manufacturer reoo « and band extraction using 
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lte Ulfraaea„~0«lSmnlrit(MoBioI^ra.orie S ,Inc, S o.anaBeach,CA). 

1 fio M press i onve«„,poDNA3( I ny,frog»,C K .sbad,CA)w.n S =d. Th* 

15 V eco, eonuina fte following — operably linked in . V to V orienrafic. fto 
<CMV) — *— ^CMV.1 • multiple " <^ 
cLuing recognifion anouencna for Ml restriction enzyraes; - fte boymo grew* 
BoClyaocnylarion signal and tranaaripfion rerathrafion scuencc re enhance 
"luij I expression aeato, also — - — - — - * 

„ X jl of — — * p— <- « •* 35 wen 88 : neomyc : 

rTlee gene for positive selection of fransfi—s » — — * - «•» * 

"for bad and — ian - *»- - — 
^ori^ofrepl^n^fr,ep^repfic^offi« = — 

aswd , B aimp,e,«c,orr^u.inoa fc «xpre,singft«l«g«Ta„«gen.fSV«(aaCOSl 
25 orC OS.7c«ll S ,ATCC^ S ionn»mbnraCRX.1650»dCR Ij -l«l,re S pec«v.ly). 

Pl.mid pcDNAJ was prepared b, digesuon wift fte — » 
nndonuo^^lend^isaocnreinsreftemanu^a — 

„ horizon*, agarose ge, elecfrophoresis and band exrrachon uatng fte IMS. 

Lln.,(M0B„U^»).B-^^^ AOTCDNAS " ere, ' 8aKd 
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into the similarly-digested pcDNA3 expression vector DNA using T4 DNA ligase (New 
England Biolabs, Beverly, MA) using the manufacturer's reaction buffer and following the 
manufacturer's instructions. Competent E. coli cells (strain DH5a; Life Technologies, Inc. 
{Gibco BRL}, Gaithersburg, MD) were transformed with ligation mixtures according to 
the manufacturer's instructions. Single colonies were selected and grown in 3-5 ml of LB 
broth (Sambrook, J., Fritsch, E.F., and Maniatis, T, Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989) containing 
50 ug/ml ampicillin (Roche Molecular Biochemicals). Plasmid DNA was isolated from the 
bacterial cultures using the WIZARD™ Plus Series 9600 Miniprep Reagents System 
(Promega, Madison, WI). Several isolates of pcDNA3-derived ANT3 expression 
constructs were restriction mapped to confirm their structures. One isolate of a pcDNA3- 
ANT3 expression construct having the predicted restriction map was selected for further 
experiments and designated "pMK6-ANT3." 

EXAMPLE 6: 

CLONING AND EXPRESSION OF ANT-GREEN FLUORESCENT PROTEIN 

(ANT-GFP) Fusion Proteins 

In this Example, the preparation and structures of two different ANT-GFP 
20 fusion protein expression constructs are described. Green fluorescent protein (GFP) is a 
naturally-occurring fluorescent protein that has been extensively genetically engineered in 
order to produce GFP derivatives having shifted emission spectra and/or the capacity to 
fluoresce more intensely than the native protein (for a review of GFP, see Kendall et al., 
Trends in Biotechnology 7(5:216-224, 1998, and references cited therein; for a treatise on 
25 GFP, see Chalfie, M., and Kain, S., eds., Green Fluorescent Protein: Properties, 
Applications, and Protocols, John Wiley & Sons, Inc., New York, 1998, and references 
cited therein). As used herein, the term "green fluorescent protein" encompasses the 
wildtype green fluorescent protein (wildtype GFP), as well as blue-shifted, cyan-shifted, 
red-shifted and yellow-shifted derivatives of wildtype GFP (designated, respectively, BFP, 
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CFP, RFP and YFP; see published PCT application WO 98/06737), as well as other GFP 
derivatives comprising additional functional polypeptide sequences. 

A PREPARATIONOFAMINOTERMINALFUSION(EYFP-ANT)PROTEIN 

As described in detail in Example 2, P MK3C-GST-huANT3 (also referred 
5 to herein as P MK3C) is an expression construct derived from P GEX-4T-2 that comprises 
sequences encoding, and directs the expression of, a GST-huANT3 fusion protein (GST, 
glutathione S-transferase). Plasmid pMK3C was digested with the restriction enzymes 
BamEl and Xhol in order to liberate a restriction fragment that contains the ANT3-coding 
sequences but which lacks sequences encoding GST or the thrombin cleavage site that links 

1 0 GST to ANT3 in pMK3C. 

The expression vector P EYFP-C1 (Clontech Laboratories, Inc., Palo Alto, 
CA) was restriction enzyme digested with BglR and Sail. Although Bgia (in the pEYFP- 
Cl vector) and BamKl (in the ANT3 fragment) do not have identical recognition 
sequences, these restriction enzymes generate compatible sticky ends having the sequence 
15 S'-GATC. Similarly, although Sail (in the pEYFP-Cl vector) and Xhol (in the ANT3 
fragment) do not have identical recognition sequences, these restriction enzymes generate 
compatible sticky ends having the sequence 5'-TCGA. In the desired ligation product 
formed from the preceding restriction fragments, the Bglll site in pEYFP-Cl is linked to 
the Bamm site in the ANT3-encoding fragment, and the^ol site in the ANT3-encoding 
20 fragment is linked to the Sail site in pEYFP-Cl, and the resultant plasmid encodes a YFP- 
ANT3 fusion protein. The term "EYFP-ANT3 fusion protein" indicates a single 
contiguous polypeptide chain that has (1) an amino terminal polypeptide portion 
corresponding to enhanced yellow fluorescent protein (EYFP), having an excitation 
maximum at 513 nm and a peak emission at 527 nm, and (2) a carboxy terminal 
25 polypeptide portion corresponding to huANT3 . 

The restriction enzyme digested DNAs were ligated to one another using T4 
DNA ligase under standard conditions known in the art. Competent recAl hsdR endklE. 
coli cells (strain TOP10F; Invitrogen, Carlsbad, CA) were transformed with the ligation 
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natures according to the manufacturer's instructions. Single colonies were selected and 
grown in 3-5 ml of LB broth, and plasmid DNA was isolated from the bacterial cultures 
using the WIZARD™ Plus Series 9600 Miniprep Reagents System (Promega, Mad,son, 
WD and restriction mapped. One isolate of a EYFP-ANT3 expression construct havmg the 
5 predicted restriction map was selected for further experiments and designated "pMK7- 
EYFP(N)-ANT3." 

B Preparation of C arboxv Terminal Fusion (ANT-EYFP) Protein 

Plasmid pcDN A3 -huANT3 (pMK6-ANT3) was restriction enzyme digested 
with Xhol (at the 3' end of the huANT3 insert) and Xbal (3' from the Xhol site in the 
10 MCS). An in-frame Xhol-Xbal restriction fragment containing sequences encodmg EYFP 
was prepared as follow, DNA was amplified by PGR in a thermal cycler using the 
following primers, plasmid pEYFP-Gl as a substrate, AMPLITAQ™ DNA Polymerase 
(Perkin-Elmer, Foster City, CA), and reagents and buffers supplied in a GENEAMP 
PGR Reagent Kit (Perkin-Elmer), according to the manufacturer's instructions. In the 
15 following representations of the PGR primers, singly underlined nucleotides uuhcate 
sequences complementary to the 5'-ends and 3'-ends of the EYFP-encoding DNA, double- 
underlined nucleotides indicate recognition sequences for the restriction enzymes Xhol 
(recognition sequence: 5'-CTCGAG) and Xbal (recognition sequence: 5'-TCTAGA), and 
the EYFP start codon (ATG) and the reverse complement of the YFP stop codon (TAG) are 
20 emboldened. 

The primers used had the nucleotide sequences: 

Forward (sense): 

5' GGGCrr£TC!2L^ at ^^ tT ^^^^ AGGGCGAG, and 

SEQ ID NO:33 

25 Reverse (antisense): 

5'-GGGCCCIgAmCT ^TTGTAr AGGTCGTCCAT 

SEQ ID NO:34. 
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The restriction enzyme digested PCR and plasmid DNAs were purified by 
horizontal agarose gel electrophoresis and band extraction using the UltraClean™ GelSpin 
kit (Mo Bio Laboratories). The purified DNAs were ligated together using T4 DNA hgase 
and used to transform competent E. coli cells (strain DH5a; Life Technologies Inc., 
5 Gaithersburg, MD) according to the manufacturer's instructions. Single colonies were 
selected and grown in 3-5 ml of LB broth containing 50 ug/ml ampicillin. Plasmid DNA 
was isolated from the bacterial cultures as in the preceding Examples and restriction 
mapped. One isolate of an ANT3-YFP expression construct having the predicted 
restriction map was selected for further experiments and designated «pMK8-ANT3- 
10 EYFP(C)." The nucleotide sequence of the ANT3-YFP encoding region in pMK8-ANT3- 
EYFP(C) was confirmed using standard methods. Due to the structure of pMK8-ANT3- 
EYFP(C), the expression construct directs the production of a protein that has (1) an amino 
terminal huANT3 polypeptide and (2) a carboxy terminal enhanced yellow fluorescent 
protein (EYFP) having an excitation maximum at 513 ran and a peak emission at 527 nm. 

1 5 C. EXPRESSION AND INTRACELLULAR LOCALIZATION OF ANT3-EYFP FUSION 

Proteins 

The expression and intracellular localization of the two ANT-GFP fusion 
proteins described in the immediately preceding section was examined in several ways. 
First, fluorescent microscopy was used to visualize 293 cells transformed with either 
20 pMK7-EYFP(N)-ANT3 or pMK8-ANT3-EYFP(C). In the case of pMK7-EYFP(N)- 
ANT3, the observed immunofluorescence was diffuse and spread throughout the cytosol. 
In contrast, the immunofluorescence seen in cells transformed with pMK8-ANT3-EYFP(C) 
to be confined to mitochondria. Similar results were seen with other cell types, i.e., COS-1 
and SH-SY5Y, transformed with the ANT3-GFP expression constructs. 
25 fo order to further examine the mitochondrial localization of the ANT3- 

EYFP fusion proteins, Western analysis of subcellular fractions was carried out as follows. 
Transfected 293 cells were pelleted by centrifugation and lysed by adding 100 ul of MSB 
buffer (210 mM mannitol (Sigma), 70 mM sucrose (Fluka), 50 raM Tris-HCl, pH 7.4, 10 
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mM EDTA) and performing three freeze-thaw cycles. A total cellular fraction, a cytosolic 
fraction, a submitochondrial particle fraction, a mitochondrial fraction and a plasma 
membrane fraction were prepared as follows. The cell lysate was centrifuged at 600 g for 
10 minutes at 4°C to prepare a plasma membrane pellet. The supernatant was removed and 

5 set aside. The plasma membrane pellet was washed with 100 ul of MSB, centrifuged at 
600 g for 10 minutes at 4°C, and used for the analysis. The supernatant was removed, 
combined with the first supernatant and mixed, and was used to prepare a mitochondrial 
fraction and a cytosolic fraction by centrifugation at 12,000-14,000 g for 15 minutes at 
4°C; the pellet represents the mitochondrial fraction and the supernatant represents the 

10 cytosol. 

The protein content for each fraction was determined using the BCA Protein 
Assay kit (Pierce Chemical Co., Rockford, IL), and an equivalent amount (10 ug) of total 
protein was loaded per lane onto an SDS polyacrylamide gel, electrophoresed and 
transferred to a HYBOND™ ECL Nitrocellulose Membrane (Amersham Life Science, 

1 5 Arlington Heights, IL). The ANT3-EYFP fusion proteins were detected in a western blot 
using an antibody that recognizes all GFP derivatives and is detectably labeled via 
conjugation to horseradish peroxidase (the Living Colors® peptide antibody, Clontech, 
Palo Alto, CA) essentially according to the manufacturer's instructions. The results of the 
Western analysis confirm that the protein expressed from pMK8-ANT3-EYFP(C), in which 

20 the YFP-encoding sequences are on the carboxy terminal side of the ANT3-GFP fusion 
protein, localizes exclusively to mitochondria. 

EXAMPLE 7: 

CLONING AND EXPRESSION OF HlS-TAGGED CYCLOPHILIN A 

25 (His6x-CypA) Fusion Proteins In Bacteria 

Unlike cyclophilin D (CypD), which interacts with ANT (Woodfield et al., 
Biochem J. 336:287-290, 1998), the structurally related protein cyclophilin A (CypA) does 
not appear to interact with ANT, at least under normal physiological conditions. CypA was 
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thus prepared as a specificity control for assays of agents that affect CypD.ANT 
interactions. In order to produce large quantities of CypA proteins, including CypA fusion 
proteins, recombinant DNA techniques were used. 



A. PCR Amplification of CypA cDNAs 
5 A cDNA library derived from total cellular RNA prepared from human 

placenta was obtained from a commercial source (Clontech, Palo Alto, CA). The RNA was 
purified by treatment with RNase-free DNase I (Roche Molecular Biochemicals, formerly 
Boehringer Mannheim Biochemicals, Indianapolis, IN) using 1 ul of DNase I (10 u/ul) in a 
buffer containing 40 mM Trsi-HCl, P H 7.0, 6 mM magnesium chloride and 2 mM calcium 
10 chloride for 30 minutes at 37°C. This treatment was followed by two phenol/chloroform 
extractions, one chloroform extraction and an ethanol precipitation in the presence of 
sodium acetate. The RNA pellet was collected by centrifugation, washed with 70% 
ethanol, air dried, and resuspended in RNase-free sterile water. The RNA was reverse 
transcribed to generate cDNA using RNase H-deficient Reverse Transcriptase 
1 5 (SUPERSCRIPT™; Life Technologies, Rockville, MD). 

CypA cDNAs were amplified by polymerase chain reactions (PCR) in a 
thermal cycler using the following primers, AMPLITAQ™ DNA Polymerase (Perkin- 
Elmer), and reagents and buffers supplied in a GENEAMP™ PCR Reagent Kit (Perkin- 
Elmer), according to the manufacturer's instructions. In the following representations of 
20 the PCR primers, underlined nucleotides indicate sequences complementary to the 5'-ends 
and 3'-ends of the CypA cDNAs, double-underlined nucleotides indicate recognition 
sequences for the restriction enzymes Xhol (recognition sequence: S'-CTCGAG) and 
^718 (recognition sequence: 5'-GGTACC), and the huCypA start codon (ATG) and the 
reverse complement of the stop codon (TAA) are emboldened. 
25 For human CypA (huCypA; SEQ ID NO:26), primers having the following 

nucleotide sequence were used: 
Forward (sense): 

j- TTTm ,1 ftqHiArr™™*™™ AC^CCACCGTGTTC, and 
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SEQ ID NO:35 

Reverse (antisense): 

"TAT^TAOm^T TA ^ rr ' Ar ™ TCCACAGTCA - 

SEQIDNO:36. 



5 B . GENERATION OF 6XHIS-CYPA EXPRESSION CONSTRUCTS 

The expression vector pBAD/His («B» derivative; Invitrogen) was used. 
This vector contains the following elements operably linked in a 5' to 3' orientation: the 
inducible, but tightly regulatable, araBAD promoter; optimized * coli translation initiation 
signals; an amino terminal polyhistidine (6xHis)-encoding sequence (also referred to as a 
10 "His-Tag"); an XPRESS™ epitope-encoding sequence; an enterokinase cleavage site 
which canbe used to remove the preceding N-terminal amino acids following protein 
purification, if so desired; a multiple cloning site; and an in-frame termination codon. 

Plasmid pBAD/His DNA was prepared by digestion with the restriction 
endonucleases Xhol and As P m according to the manufacturer's instructions and subjected 
15 to horizontal agarose gel electrophoresis and band extraction using the UltraClean GelSpin 
kit (Mo Bio Laboratories). Restriction enzyme digested CypA cDNA was ligated with 
restricted expression vector DNA using T4 DNA ligase (New England Biolabs, Beverly, 
MA) using the manufacturer's reaction buffer and following the manufacturer's 
instructions. Competent E. coli cells (strain TOP10F'; Invitrogen) were transformed with 
ligation mixtures containing the prokaryotic vector construct according to the 
manufacturer's instructions. Single colonies were selected and grown in 3-5 ml of LB 
broth, and plasmid DNA was isolated from the bacterial cultures using the WIZARD™ 
Plus series 9600 Miniprep Reagents System (Promega). One isolate of a 6xHis-huCypA 
expression construct having the predicted restriction map (based on the nucleotide 
sequences of the expression vector and human CypA, see Figure 7, SEQ ID NO:26) was 
selected for further experiments and designated " P MK9-6xHis-huCypA." 



20 
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EXAMPLE 8: 

CLONING AND EXPRESSION OF GLUTATHIONE S-TRANSFERASE - 
CYCLOPHILIN A (GST-CYPA) FUSION PROTEINS IN BACTERIA 

A. PCR AMPLIFICATION OF CYPACDNAS 

CypA cDNA was amplified from P MK9-6xHis-huCypA by PCR in a 
thermal cycler using the following primers, AMPLITAQ™ DNA Polymerase (Perkin- 
Elmer) and reagents and buffers supplied in a GENEAMP™ PCR Reagent Kit (Perkm- 
Elmer), according to the manufacturer's instructions. In the following representations of 
the PCR primers, underlined nucleotides indicate sequences complementary to (he 5'-ends 
and 3'-ends of the CypA cDNAs, double-underlined nucleotides indicate recognition 
sequences for the restriction enzymes Xhol (recognition sequence: 5'-CTCGAG) and 
BamUl (recognition sequence: 5'-GGATCC), and the huCypA start codon (ATG) and the 
reverse complement of the stop codon (TAA) are emboldened. 

For huCypA, the following primers were used: 

Forward (sense): 

r m w^TTr ATr^AACCCCACCGTGTTC, and 

SEQ ID NO:37 

Reverse (antisense): 

<'.ata T r.TC.fl A GTT A TTP.fi A flTTGTC.C A C AGTC AG 

SEQIDNO:38. 



B. GENERATION OF GST-CYPA EXPRESSION CONSTRUCTS 

The CypA PCR products were digested with the restriction endonucleases 
Xhol and BamRl (both enzymes from Roche Molecular Biochemicals) according to the 
manufacturer's recommendations using manufacturer-supplied reaction buffers. Restricted 
5 DNAs were purified by horizontal agarose gel electrophoresis and band extraction usmg 
the UltraClean™ GelSpin kit (Mo Bio Laboratories, Inc.). 
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The expression vector pGEX-4T-2 (Amersham Pharmacia Biotech) was 
used to generate huCypA fusion proteins comprising an enzymatic polypeptide and an 
CypA polypeptide. This vector comprises a lacl q (repressor) gene a tac promoter operably 
linked to a glutathione S-transferase (GST) gene from Schistosoma japonicum. (Smith et 
5 a/., 1988, Gene 67:31-40), the coding sequence of which has been modified to comprise a 
thrombin cleavage site-encoding nucleotide sequence immediately 5' from a multiple 
cloning site. GST fusion proteins can be detected by Western blots with anti-GST or by 
using a colorimetric assay; the latter assay utilizes glutathione and l-chloro-2-4- 
dinitrobenzene (CDNB) as substrates for GST and yields a yellow product detectable at 
10 340 nm (Habig et aL, 1974, J. Biol Chem. 249:7130-7139). GST fusion proteins produced 
from expression constructs derived from this expression vector can be purified by, e.g., 
glutathione affinity chromatography, and the desired polypeptide released from the fusion 
product by thrombin. Thus, this expression vector provides for the rapid purification of 
fusion proteins, and release of proteins with relatively few extraneous N-terminal amino 
1 5 acids, although the resulting recombinantly produced protein contains two additional amino 
acids at the amino terminus (Gly-Ser). The tac promoter may be induced by the addition to 
cultured cells of, e.g., 1-5 mM isopropyl-beta-D-thiogalactopyranoside (IPTG; Fluka, 
Milwaukee, WI) and provides for high-level expression. 

Plasmid pGEX-4T-2 was prepared by digestion with the restriction 
20 endonucleases BamRl and Xhol according to the manufacturer's instructions and subjected 
to horizontal agarose gel electrophoresis and band extraction using the UltraClean™ 
GelSpin kit (Mo Bio Laboratories). Restricted ANT cDNAs were ligated with the 
restricted expression vector DNA as described in the preceding Examples. Competent E. 
coli cells (strain TOP10F'; Invitrogen) were transformed with ligation mixtures containing 
25 the prokaryotic vector construct according to the manufacturer's instructions. Single 
colonies were selected for grown in 3-5 ml of LB broth containing 50 ug/ml ampicillin, and 
plasmid DNA was isolated from the bacterial cultures using the WIZARD™ P/us Series 
9600 Miniprep Reagents System (Promega) and restriction mapped. One isolate of a GST- 
huCypA expression construct having the predicted restriction map (based on the nucleotide 
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sequences of the expression vector and human CypA) was selected for further experiments 
and designated "pMKlO-GST-huCypA." 



EXAMPLE 9: 

Cloning and Expression of His-Tagged Cyclophilin D 
(His6x-CypD) Fusion Proteins In Bacteria 



a. PCR Amplification of CypD cDNAs 

A cDNA library prepared from total cellular mRNA prepared from human 
heart was obtained from a commercial source (Clontech, Palo Alto, CA). CypD cDNAs 

1 0 were amplified from the cDN A library by polymerase chain reactions (PCR) in a thermal 
cycler using the following primers, AMPLITAQ™ DNA Polymerase (Perkin-Elmer), and 
reagents and buffers supplied in a GENEAMP™ PCR Reagent Kit (Perkin-Elmer), 
according to the manufacturer's instructions. In the following representations of the PCR 
primers, underlined nucleotides indicate sequences complementary to the 5'-ends and 3'- 

15 ends of the CypD cDNAs, double-underlined nucleotides indicate recognition sequences 
for the restriction enzymes Xhol (recognition sequence: 5'-CTCGAG) and Aspm 
(recognition sequence: 5'-GGTACC), and the huCypD start codon (ATG) and the reverse 
complement of the stop codon (TAA) are emboldened. 

For human CypD (huCypD; SEQ ID NO:39), primers having the following 

20 nucleotide sequence were used: 
Forward (sense): 

s ' - A TT A A T CTCG AGT a THf TfifiCGCTGCGCTGC. and 

SEQ ID NO:41 

Reverse (antisense): 
25 v.TATTA AfifiTACCTTAGC Tr A ACTCtGCCACAGT 

SEQ ID NO:42. 
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B. GENERATION OF 6xHlS-CYPD EXPRESSION CONSTRUCTS 

The expression vector pBAD/His ("B" derivative; Invitrogen) was used. 
This vector contains the following elements operably linked in a 5' to 3' orientation: the 
inducible, but tightly regulatable, araBAD promoter; optimized E. coli translation initiation 
5 signals; an amino terminal polyhistidine (6xHis)-encoding sequence (also referred to as a 
"His-Tag"); an XPRESS™ epitope-encoding sequence; an enterokinase cleavage site 
which can be used to remove the preceding N-terminal amino acids following protein 
purification, if so desired; a multiple cloning site; and an in-frame tennination codon. 

Plasmid pBAD/His DNA was prepared by digestion with the restriction 
10 endonucleases Xhol and As P m according to the manufacturer's instructions and subjected 
to horizontal agarose gel electrophoresis and band extraction using the UltraClean GelSpin 
kit (Mo Bio Laboratories). Restriction enzyme digested CypD cDNA was ligated with 
restricted expression vector DNA using T4 DNA ligase (New England Biolabs, Beverly, 
MA) using the manufacturer's reaction buffer and following the manufacturer's 
15 instructions. Competent E. coli cells (strain TOP10F'; Invitrogen) were transformed with 
ligation mixtures containing the prokaryotic vector construct according to the 
manufacturer's instructions. Single colonies were selected and grown in 3-5 ml of LB 
broth, and plasmid DNA was isolated from the bacterial cultures using the WIZARD™ 
Plus Series 9600 Miniprep Reagents System (Promega). One isolate of a 6xHis-huCypA 
20 expression construct having the predicted restriction map (based on the nucleotide 
sequences of the expression vector and human CypD, SEQ ID NO:39) was selected for 
further experiments and designated "pMKl !-6xHis-huCypD." 
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EXAMPLE 10: 

Cloning and Expression of Glutathione S-Transferase - 
Cyclophilin D (GST-CypD) Fusion Proteins In Bacteria 



5 a. PCR Amplification of CypD cDNAs 

CypD cDNA was amplified from a cDNA library prepared from total 
cellular mRNA (Clontech, Palo Alto, CA) by PCR in a thermal cycler using the following 
primers, AMPLITAQ™ DNA Polymerase (Perkin-Elmer), and reagents and buffers 
supplied in a GENEAMP™ PCR Reagent Kit (Perkin-Elmer), according to the 

10 manufacturer's instructions. In the following representations of the PCR primers, 
underlined nucleotides indicate sequences complementary to the 5'-ends and 3'-ends of the 
CypD cDNAs, double-underlined nucleotides indicate recognition sequences for the 
restriction enzymes Xhol (recognition sequence: 5'-CTCGAG) and Bamm (recognition 
sequence: 5'-GGATCC), and the huCypA start codon (ATG) and the reverse complement 

15 of the stop codon (TAA) are emboldened. 

For huCypD, primers having the following nucleotide sequence were used: 

Forward (sense): 

5 . -TrtTnatTrr.ATGCTGGrnCTGCGCTGC. and 

SEQ ID NO:43 

20 Reverse (antisense): 

" TA A jr^ym A CiTT A OCTC AA PTOGCC AC AGT 

SEQIDN0.44. 



B. GENERATION OF GST-CYPD EXPRESSION CONSTRUCTS 

The CypD PCR products were digested with the restriction endonucleases 
25 Xhol and BamHl (both enzymes from Roche Molecular Biochemicals) according to the 
manufacturer's recommendations using manufacturer-supplied reaction buffers. Restricted 
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DNAs were purified by horizontal agarose gel electrophoresis and band extraction using 
the UltraClean™ GelSpin kit (Mo Bio Laboratories, Inc.). 

The expression vector pGEX-4T-2 (Amersham Pharmacia Biotech) was 
used to generate huCypD fusion proteins comprising an enzymatic polypeptide and an 
5 CypD polypeptide. This vector comprises a lac* (repressor) gene a tac promoter operably 
linked to a glutathione S-transferase (GST) gene from Schistosoma japonicum. (Smith et 
al, 1988, Gene (57:31-40), the coding sequence of which has been modified to comprise a 
thrombin cleavage site-encoding nucleotide sequence immediately 5' from a multiple 
cloning site. GST fusion proteins can be detected by Western blots with anti-GST or by 
10 using a colorimetric assay; the latter assay utilizes glutathione and l-chloro-2-4- 
dinitrobenzene (CDNB) as substrates for GST and yields a yellow product detectable at 
340 nm (Habig et al, 1974, J. Biol. Chem. 249:7130-7139). GST fusion proteins produced 
from expression constructs derived from this expression vector can be purified by, e.g., 
glutathione affinity chromatography, and the desired polypeptide released from the fusion 
15 product by thrombin. Thus, this expression vector provides for the rapid purification of 
fusion proteins, and release of proteins with relatively few extraneous N-terminal amino 
acids, although the resulting recombinantly produced protein contains two additional amino 
acids at the amino terminus (Gly-Ser). The tac promoter may be induced by the addition to 
cultured cells of, e.g., 1-5 mM isopropyl-beta-D-thiogalactopyranoside (IPTG; Fluka, 
20 Milwaukee, WI) and provides for high-level expression. 

Plasmid pGEX-4T-2 was prepared by digestion with the restriction 
endonucleases BaniW mdXhol according to the manufacturer's instructions and subjected 
to horizontal agarose gel electrophoresis and band extraction using the UltraClean™ 
GelSpin kit (Mo Bio Laboratories). Restricted ANT cDNAs were ligated with the 
25 restricted expression vector DNA as described in the preceding Examples. Competent E. 
coli cells (strain TOP10F'; Invitrogen) were transformed with ligation mixtures containing 
the prokaryotic vector construct according to the manufacturer's instructions. Single 
colonies were selected for grown in 3-5 ml of LB broth containing 50 ug/ml ampicillin, and 
plasmid DNA was isolated from the bacterial cultures using the WIZARD™ Phis Series 
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9600 Miniprep Reagents System (Promega) and restriction mapped. One isolate of a GST- 
huCyP D expression construct having the predicted restriction map (based on the nucleot.de 
sequences of the expression vector and human CypD) W as selected for further experiments 
and designated "pMK12-GST-huCypD." 

EXAMPLE 11: 

CLONING AND EXPRESSION OF CYCLOPHILIN D— GREEN FLUORESCENT 

Protein (CypD-GFP) Fusion Proteins 



10 



15 



A PCR AMPLIFICATION OF CYPD CDN AS 

CypD cDNA was amplified from a cDNA library prepared from total 
cellular mRNA prepared from human heart (Clontech, Palo Alto, CA) by PCR in a thermal 
cycler using the following primers, AMPLITAQ™ DNA Polymerase (Perkin-Elmer), and 
reag ents and buffers supplied in a GENEAMP™ PCR Reagent Kit (Perkm-Elmer), 
according to the manufacturer's instructions. In the following representations of the PCR 
primers, underlined nucleotides indicate sequences complementary to the reading frame of 
cy pD double-underlined nucleotides indicate recognition sequences for the restncuon 
enzy.cs Xhol (recognition sequence: 5'-CTCGAG) and BamKl (recognition sequence: 5'- 
GGATCC), and the huCypD start codon (ATG) is emboldened. 

Primers having the following nucleotide sequence were used: 

20 Forward (sense): 

y .GCGCCC^MCCCGCGiaGmGGCGCTGCGCIGC, and 

SEQIDN0.45 

Reverse (antisense): 

5'-CCCGGTG^IC£GC-GCT-C^-CT^-G^-ACA-GTC 

SEQIDNO:46. 

" The Bamm site in the immediately preceding primer is positioned such that the 
arnphfication product lacks the normal termination codon for cypD, and the cypD readmg 
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frame (indicated in the above representation by dashes between codons) is fused with that 
of the enhanced cyan fluorescent protein (ECFP) DNA in pECFP-Nl (infra). 

B GENERATION OF CYPD-ECFP EXPRESSION CONSTRUCTS 

The expression vector pECFP-Nl (Clontech Laboratories, Inc.) was 
restriction enzyme digested with BamHl and^I. In the desired ligation product formed 
from the preceding restriction fragments, the BamHl site in pECFP-Nl is linked to the 
Bamm site in the ANT3-encoding fragment, and the Xhol site in the CypD-encoding 
fragment is linked to the Xhol site in pECFP-Nl, and the resultant plasmid encodes a 
CypD-CFP fusion protein. The term "CypD-ECFP fusion protein" indicates a smgle 
contiguous polypeptide chain that has (1) an amino terminal polypeptide portion 
polypeptide portion corresponding to human CypD, and (2) a carboxy terminal polypeptide 
portion corresponding to enhanced cyan fluorescent protein (ECFP), having an excitation 
maximum at 433 nm (minor peak at 453 nm) and a peak emission at 475 nm (minor peak at 

501 nm). . 

The restriction enzyme digested DN As were ligated to one another using T4 

DNA ligase under standard conditions known in the art. Competent E. coli cells (strain 
DH5<r Life Technologies, Inc.) were transformed with the ligation mixtures according to 
the manufacturer's instructions. Single colonies were selected and grown in 3-5 ml of LB 
broth and plasmid DNA was isolated from the bacterial cultures using the WIZARD™ Plus 
20 Series 9600 Miniprep Reagents System (Promega) and restriction mapped. One isolate of a 
huCypD-ECFP expression construct having the predicted restriction map (based on the 
nucleotide sequences of the expression vector and human CypD) was selected for further 
experiments and designated " P MK13-CypD-ECFP." 

C. EXPRESSION AND INTRACELLULAR LOCALIZATION OF CYPD-ECFP FUSION 

25 Proteins 

The expression and intracellular localization of the CypD-ECFP fusion 
protein described in the immediately preceding section was examined by fluorescent 
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microscopy. COS-1 or 293 cells were grown to confluence and 1 ml of cells was mixed 
with 1 ml of Opti-MEM™ I reduced serum media (Life Technologies, Inc.) a solution 
comprising 0.2, 1.0 or 2.0 ug of DNA (pECFP-Nl, P MK13-CypD-CFP, or no vector 
control) and 3-4 ul LipofectAMINE™ (Life Technologies, Inc.). After incubation for 5 

5 hours, 1 ml of media with 20% fetal calf serum was added, and the cells were incubated for 
an additional period of time, with changes of media every 24 hours, such that the total 
period of incubation was approximately 48 hours. 

The transformed COS-1 and 293 cells were then examined by fluorescent 
microscopy using a GFP filter (excitator, 450 ± 25 nm; dichroic, 480 nm; emitter, 485 nm, 

10 long pass; Nikon, Inc., Melville, NY). Cells transformed with 0.2 or 1.0 ug of pMK13- 
CypD-ECFP DNA showed punctate fluorescence indicative of mitochondrial delivery of 
the CypD-ECFP fusion protein. Cells transformed with a higher amount (2.0 ug) of 
pMK13-CypD-ECFP DNA had some low level cytosolic fluorescence, although most of 
the cells showed punctate fluorescence. The COS-1 cells generally fluoresced to a greater 

15 degree than the 293 cells, perhaps indicating a higher degree of transformation and/or 
expression. Cells transformed with the expression vector pECFP-Nl showed only low 
levels of cytosolic fluorescence, and control (mock transformed) cells exhibited no 
detectable fluorescence. The fluorescent microscopy results indicate that the CypD-ECFP 
fusion protein localizes exclusively to mitochondria. 

20 

EXAMPLE 12: 

Purification of His-Tagged Human CypD Protein 



The cyclophilin expression constructs described in the preceding Examples 
25 may be used to produce cyclophilin proteins and fusion proteins that are used as ligands in 
the assays described in subsequent Examples. 

For example, the expression construct for (6x HisHXPRESS™ epitope)- 
(human cyclophilin D) described in the Example 9 was used to produce His-tagged CypD 
fusion protein. E. coli (strain DH5a) cells harboring pMKl !-6xHis-huCypD were cultured 
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overnight in TB or LB media with ampicillin (00 ug/ml) at 37°C with agitation. Overnight 
cultures were diluted in fresh media to OD 600 of 0.1 and were then incubated at 37°C with 
agitation for about 2 hours, i.e., until the OD 600 was about 0.5. To induce expression, L- 
arabinose was added from a stock 20% solution to a final concentration of 0.01%. The 
5 cultures were then incubated as before for about 4 more hours in order to allow for 
maximal production of the His-tagged CypD fusion protein. 

The bacterial cells were harvested by centrifugation (the dry pellets can be 
frozen and stored at -80°C at this point if desired). The pellets were resuspended in an 
appropriate volume of PBS with imidazole (3 mM) and protease inhibitors (pepstatin, 
10 leupeptin, phenylmethylsulfonyl fluoride (PMSF) and/or aprotinin {all from Sigma} 
present at effective levels (typically 10 ug/mL). The resuspended cells were sonicated for 
20 seconds and the lysate was cleared by centrifugation at 14,000 x g for 20 minutes at 
4°C. 

The cleared lysate material is then used to prepare His-tagged huCypD in a 
1 5 variety of ways known to those skilled in the art. Typically, the lysate is added to Nickel 
beads (agarose or magnetic, although agarose Nickel beads appear to provide better specific 
yields of protein). About 50 ul of Nickel agarose beads (Qiagen) were added to 500 ul of 
lysate and incubated for 2 to 48 hours with agitation at 4°C. The beads were briefly 
washed and His-tagged huCypD was released therefrom by treatment with imidazole (50 to 
20 500 mM, preferably 250 mM, pH from about 4 to about 6) or EDTA (10 to 500 mM, 
preferably 100 mM, pH from about 4 to about 8); in the experiment described, 100 mM 
EDTA was used. 

The (6x HisHXPRESS™ epitope)-(human cyclophilin D) fusion protein is 
soluble and may be used directly in the assays described in the following Examples. 
25 However, if desired, the recombinant huCypD protein expressed from P MKll-6xHis- 
huCypD can be treated with enterokinase to liberate the His-Tag/XPRESS™ epitope 
polypeptide from the huCypD protein. This can be done after the (6x HisHXPRESS™ 
epitopeHhuman cyclophilin D) fusion proteins have been bound to Nickel beads, in which 
case the His-Tag/XPRESS™ epitope polypeptides will be retained on the Nickel beads and 



112 



the huCypD protein may be prepared by simply extracting the beads and recovering the 
extracted material. 

Cyclophilin A, or CypA fusion proteins, are prepared in like fashion using 
cells harboring P MK9-6xHis-huCypA (Example 7), the expression construct for (6x His)- 

5 (XPRESS™ epitopeMhuman cyclophilin A). ANT-, CypA- and CypD-GFP fusion 
proteins (Examples , and , respectively) can be engineered to additionally comprise His 
tags or GST polypeptides for ease of purification, or can be purified from bacterial cells 
harboring the appropriate expression constructs (for one such protocol, see Gonzalez and 
Ward, Protocol I.E, "Purification of GFP" in: Green Fluorescent Protein: Properties, 

10 Applications, and Protocols, Chalfie, M, and Kain, S, eds., John Wiley & Sons, Inc., New 
York, 1998, pages 289-294). 

EXAMPLE 13: 

Preparation of Expression Constructs for Fusion proteins 
! 5 Derived from Other Mitochondrial Factors 

Using the teachings of the specification, one skilled in the art can prepare 
fusion protein derivatives of other mitochondrial factors, including proteins thought to be 
or suspected of being part of the mitochondrial permeability transition (MPT) pore and 
20 other proteins thought to or suspected of interacting with one or more components of the 
MPT pore. Such fusion proteins may include, by way of example and not limitation, His- 
tagged proteins, epitope-tagged proteins, GST fusion proteins and GFP fusion proteins. 

Table 1 lists (1) mitochondrial factors thought to be or suspected of being 
part of the mitochondrial permeability transition (MPT) pore and (2) other proteins thought 
25 to or suspected of interacting with one or more components of the MPT pore. Table 1 
further describes available nucleotide sequence information for the genes encoding these 
mitochondrial factors, from which one skilled in the art could design oligonucleotide 
primers to be used in PCR reactions to amplify DNA fragments having (a) protein-coding 
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sequences for one of the factors described in Table 1 and (b) restriction enzyme 
ends of the amplified DNAs appropriate for cloning into a desired expression vec 



tm» 1 • Mitochondrial Pore Components and Seouences 



Mitnrhondrial Pore Components 


Source of Nucleotide Sequence 
Information 


Abbreviation 


Full Name /Source 


ANT 


Adenine Nucleotide 
Translocator 




ANT-1 


Homo sapiens 


SEQ ID NO: 1 


AXTT-9 

/VTN 1 


H. sapiens 


SEQ ID NO:2; GenBank Acc. No. AA874983 


ANT-3 


H. sapiens * 


SEQIDNO:3 


ANT-4 


H. sapiens 


WO 99 / 07845 (SEQ ID NOS:l, 3) 


ANT 


Solanum tuberosum 


GenBank Acc. No. X62123 


ANT 


Plasmodium falciparum 


GenBank Acc. No. U04335 


PBzR 


Peripheral Benzo- 
difl7enine Receptor 




DD 7 D 


H. sapiens 


GenBank Acc. Nos. Z82214, L21951, 
M36035 


P"RtP -related 

sequences 


H. sapiens 


GenBank Acc. Nos. L21950, AA490268 


PRAX 


PBzR-Associated 
Protein 




PRAX-1 


H. sapiens 


GenBank Acc. Nos. AI668824, NM_004758, 
AF039571 


Pap20 


Mus musculus 


GenBank Acc. No. AF020338 


VDAC 


Voltage Dependent 
Anion Channel 




VDAC-1 


H. sapiens 


GenBank Acc. Nos. NM 003374, L06132 


VDAC-2 


H. sapiens 


GenBank Acc. Nos. NM 003375, L06328 


VDAC-3 


H. sapiens 


GenBank Acc. No. NM 005662, S75494; 


j VDAC-4 


H. sapiens 


GenBank Acc. No. S75651 
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Mhnrhnndrial Pore Components 


Source of Nucleotide Sequence j 
Information 


Abbreviation 


Full Name /Source 


HACH (human 
anion channel) 


H. sapiens 1 


U.S. Patent 5,780,235 (SEQ ID NO:2) 

J 


VDAC-1 


U. musculus 


GenBankAcc.No.U89987 


VDAC-2 


M. musculus 


GenBankAcc.No.U89988 


VDAC-3 


U. musculus 


GenBank Acc. No. U89989 


VDAC 


Drosophila melanogaster 


GenBank Acc. No. U703 14 


VDAC 


Saccharomyces cerevisiae 


GenBank Acc. No. M34907 


VDAC-la 


Zea mays 


GenBank Acc. No. AF178950 


VDAC-lb 


Z mays 


GenBank Acc. No. AF178951 


VDAC-2 


Z. mays 


GenBank Acc. No. AF178952 




Cyclophilins 




Cyp 


H. sapiens 


SEQIDNO:26 


CypC 


H. sapiens 


U S Patent 5,447,852 (SEQ ID NO:4) 


CypD 


H. sapiens 


SEQ ID NO:39; GenBank Acc. No. 
NM 005038 


Cyp-60 


H. sapiens 


U S. Patent 5,968,802 (SEQ ID NO:3) 


CypA 


Schistosoma mansoni 


GenBank Acc. No. U50388 


CypB 


Schistosoma japonicum 


GenBank Acc. No. U50389 


CypB 


Orpinomyces sp. PC-2 


GenBank Acc. No. U17900 ___J 


cyclophilins 


U. musculus 


GenBank Acc. Nos. AI892042, AI875905 


CAML 


Calcium Modulating 
Cyclophilin Ligand 




PAML 


H. sapiens 


U.S. Patent 5,523,227 (SEQ ID NO:l) 1 


CAML J M- musculus 


GenBank Acc. No. AA955975 1 
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EXAMPLE 14: 

Antibodies 



Antibodies useful in the method assays of the invention may be prepared by 
5 those skilled in the art utilizing the teachings of the present disclosure in combination with 
known methods. The preparation of antibodies to human ANT3 is described m tins 
Example, as is the commercial availability of some useful supplementary antibodies. 

A PREPARATION OF AN ANTIBODY SPECIFIC FOR HUMAN ANT3 

A monospecific (antipeptide) antibody specific for huANT3 was prepared as 
10 follows. A synthetic polypeptide corresponding to a portion of huANT3 located near the 
carboxy terminus and predicted to have high antigenicity according to the Jameson-Wolf 
Index (Wolf et al., Comput. Appl. Biosci. 4:187-191 (1988) was synthesized using known 
means by Alpha Diagnostic International (San Antonio, TX) and determined to be at least 
about 70-/. pure, preferably at least about 90% pure, by HPLC and MS analyses. The 
15 sequence of the synthetic polypeptide (SEQ ID NO:30) is: 

Cys-Trp-Arg-Lys-Ile-Phe-Arg-Asp-Glu-Gly-Gly-Lys-Ala-Phe-Phe 

The synthetic polypeptide was conjugated to a carrier molecule, keyhole 
20 limpet hemocyanin (KLH), using MSB ( m -maleimidobenzoyl-JV-hydroxysuccinimide ester; 
Pierce Chemical Co., Rockford, Illinois), and me conjugated material was used to 
immunize several rabbits, according to known means (Collawn and Paterson, Units 11.14 
and 1 1 15 in Chapter 1 1 in: Short Protocols in Molecular Biology, 2nd Ed., Asubel et al., 
eds., John Wiley & Sons, New York, New York (1992) 1 1:37-41 . The rabbits were bled at 
25 0 (preimmune, 2 mL), 7, 9, 11, 13 (15 mL for each bleed) or 15 (50 mL) weeks post- 
inoculation. Sodium azide (0.1%) was added to the bleeds as preservative. 
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B USEFUL COMMERCIALLY AVAILABLE PRIMARY ANTIBODIES 

Antibodies to glutathione-S-transferase (GST), useful for detecting GST 
fusion proteins, or for linking GST fusion proteins to a solid support, have been described 
and are commercially available (BD Pharmingen, San Diego, CA; Clontech, Palo Alto, 
5 CA; Zymed Laboratories, Inc., South San Francisco, CA; Sigma Chemical Co., St. Louts, 
MO- and Oxis International, Inc., Portland, OR). 

Antibodies to amino or carboxy terminal 6x His tags, useful for detecting 
His-tagged fusion proteins, or for linking His-tagged fusion proteins to a solid support, 
have been described and are commercially available (Invitrogen, Carlsbad, CA; Clontech; 
10 and Berkley Antibody Co., Richmond, CA). For ease of detection, antics tag) U 
available as a conjugate linked to one of a variety of enzymes for which detectable 
substrates and/or products are available, including horseradish peroxidase (Clontech). 

Antibodies to green fluorescent protein (GFP), useful for detecting GFP 
fusion proteins, or for linking GFP fusion proteins to a solid support, have been described 
15 and are commercially available (Clontech; Berkley Antibody Co, Torrey Pines Biolabs, 
San Diego, CA; Aurora Biosciences Corp., San Diego, CA). For ease of detection, ant, 
GFP is available as a conjugate linked to one of a variety of enzymes for which detectable 
substrates and/or products are available, including horseradish peroxidase and alkahne 

phosphatase (both from Clontech). 

Antibodies to the XPRESS™ epitope, useful for detecting fusion protems 
comprising the XPRESS™ epitope, or for linking fusion proteins comprising the 
XPRESS™ epitope to a solid support, have been described and are commercially available 
(Invitrogen). 



20 
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EXAMPLE 15: 
ASSAY OF HUANT3-HUCYPD INTERACTIONS 

The reagents described in the preceding Examples can be used in a variety 
of assays designed to measure interactions between components of the mitochondrial 
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permeability transition pore (MPT). The present Example describes immunoassays 
designed to measure interaetions between an isoform of the mitochondrial ademne 
nucleotide translocator (huANT3) and cyclophilin D (huCypD). 

A. Preparation of Nickel Beads: His-Tagged huANT3 Complexes 

Pelleted mitochondria from noninfected T. ni cells, or T. ni cells infected 
with a baculovirus expressing His-tagged-huANT3 (see Example 3) were prepared as 
follows: T. ni cells were prepared by a subcontractor (PharMingen, San Diego, CA) as 
portions of about 250 mg of cells per tube. Each portion was suspended in 1 ml of MSB 
with protease inhibitors (leupeptin, final concentration 10 ug/ml; pepstatm, final 
concentration 10 ug/ml; aprotinin, final concentration, 2 ug/ml; phenylmethylsulfonyl 
fluoride {PMSF}, final concentration, 100 pM; all from Sigma Chemical Co., St. Louis, 
MO). The resuspended cell suspensions were frozen and thawed twice, then homogenized 
using a rotating teflon-coated probe and a close-fitting glass container (10 passes). The 
cellular homogenate was centrifuged (3,700 rpm, approximately 1,500 x g) at 4°C for 5 
minutes; this supernatant from the first spin was saved. The pellet was washed with about 
500 ul of MSB with protease inhibitors, centrifuged (3,800 rpm, approximately 1,600 x g) 
at 4°C for 5 minutes, and supernatant from this spin was combined with the supernatant 
from the first spin. The combined supernatant was centrifuged (14,000 rpm, approximately 
20 800 x g) at 4°C for 15 minutes, and the pellet was resuspended in 300 ul of a 1:1 
solution of (a) 20 mM MOPS and (b) MSB, wherein both (a) and (b) contain the previously 
described protease inhibitors. The resultant suspension was frozen and thawed three times. 

One hundred (100) pi of T. ni mitochondria (9.83 ug/ml) was thawed slowly 
on ice and then centrifuged at 4°C for 15 minutes to pellet mitochondria. The pellet was 
solubilized in 100 pi Solubilization Buffer (20mM KH2P04, 0.3 M NaCl, 20 uM 
5 imidazole, 10 mM HEPES, pH 7.2, 3% Triton X-100) that had been freshly made to be 1 
mM 2-mercaptoethanol, and to which the following protease inhibitors had been freshly 
added: pepstatin, leupeptin, phenylmethylsulfonyl fluoride and aprotinin (all from Sigma) 
to an effective level (typically 10 pg/mL) with for 2 minutes at ambient temperature, or 3 
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minutes at 4°C. The solution was then diluted to a final volume of 300 ul with Dilution 
Buffer (20 mM KH 2 P0 4 , 20 mM imidazole, 50 mM NaCl, 0.5% Triton X-100, P H 7.2). 

B. ASSAYS OF HUANT3: huCypD INTERACTIONS 

Aliquots of 60 ul of T. ni mitochondria were added to 75 ul aliquots of a 

5 slurry of Niekel-plated agarose beads (Qiagen) that had been prewashed once in Washing 
Buffer (20 mM KH 2 P0 4 > 20 mM imidazole, 50 mM NaCl, 1.3% Triton X-100, pH 7.2). 
The beads were incubated for an appropriate period of time (typically, about 5 to 15 
minutes, but incubations can proceed from 2 to 30 minutes with no visible change in the 
results) at ambient temperature in a rotating test tube stand in order to provide continual 

10 mixing. In some samples, a GST-CypD fusion protein (Example 10) was added (12 ug per 
tube) as a ligand for huANT3; in some of these samples, cyclosporin A (final 
concentration, 10 uM; from a 2 uM stock solution in ethanol), which specifically blocks the 

action of CypD, was also added. 

The complexes formed in the incubations may be diagrammed as follows 
15 (where « _ » indicates a chemical bond and « : " indicates an interaction between two 
molecules): 

( Bead ) — Nickel : 6x His — ANT3 : CypD — GST. 

20 The incubations were stopped by adding an excess (1 ml) of cold (i.e.. kept 

on ice) Washing Buffer. The beads were pelleted by low speed contrifugation for 30 
seconds, washed once with 1 ml cold Washing Buffer and immediately extracted by a 
number of methods. To determine total bound ligand (GST-CypD), 80 ul of Ix NuPAGE 
SDS Sample Buffer (Novex, San Diego, CA) was added to the beads which were then 

25 placed in a boiling water bath for about 5 to 10 minutes. To determine the amount of 
ligand (GST-CypD) bound to ANT, 60 ul of Elution Buffer (50 to 500 mM, preferably 250 
mM imidazole, pH from about 4 to about 6; or 10 to 500 mM, preferably 100 mM, EDTA, 
pH from about 4 to about 8; in the experiment described, 100 mM EDTA was used) was 
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added to a second set of otherwise identically treated bead, Because EDTA chelates the 
Nickel ions to which the His-tag (6x His) portion of the His-tagged huANT3, the latter 
entity is displaced from the Nickel beads by the addition of EDTA. As the His-tagged 
ANT3 protein is eluted from the Nickel beads, GST-CypD protein specifically bound to the 
5 ANT3 polypeptide is also eluted. Without wishing to be bound by theory, it is thought that 
this occurs because (1) the CypD portion of the GST-CypD fusion protein remains bound 
to ANT polypeptide sequences and is carried along with the His-tagged ANT3 proton, or 
(2) the displacement of the His-tagged AND proteins from the Nickel beads results in the 
destabilization and dissociation of the entire ANT3:CypD complex, or some combmahon 

1 0 of these and/or other mechanisms. 

The extracts were evaluated by Western analysis. In brief, loading dye was 
added to the extracts as needed, the samples were placed in boiling water for about 5 to 10 
minutes and were then electrophoresed on precast acrylamide gels (Novex) and 
electroblotted onto a nitrocellulose filter. An antibody specific for the GST portion of the 
15 CypD-GST fusion protein was used as a primary antibody in probing the filter and, as a 
result, endogenous cyclophilin D protein does not register in the assay. The filter was 
incubated first with murine anti-GST (BD Pharmingen) diluted 1:10,000 for 60 minutes, 
and then with sheep anti-mouse Ig antibody (Amersham Pharmacia Biotech, Arhngton 
Heights IL) conjugated with horseradish peroxidase diluted 1:5,000 for about 30 to about 
20 60 minutes (both incubations took place at ambient temperature). The filter was developed 
by incubation with an acridan-based substrate for horseradish peroxidase, the product of 
which releases a high level, sustained output of light (ECL Plus Western blotting detection 
system, Amersham Pharmacia Biotech). The filter was exposed to film for an appropnate 
exposure time (typically, 1 or 2 minutes) and was then stripped and reprobed w,th an 
25 antibody specific for human ANT3 (Example 14). 

Results of a typical experiment are shown in Figure 9. At the far right, 0.5 
ug of purified CypD-GST fusion protein is revealed via its reaction with the anti-GST. 
Proteins released by EDTA elution are visualized in lanes 1' through 5'. In lane 1', no His- 
tagged huANT3 was present in the samples, and only a slight amount of the CypD-GST 
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bound to the Nickel-coated agarose beads in a non-specific fashion. In lanes T and 3', His- 
tagged huANT3 was present in the samples, and the amount of CypD-GST retained is 
visibly increased by roughly an order of magnitude. 

In addition to the usual components, the sample in lane 3' (as well as that in 
5 lane 3) was made 0.5% ethanol as a control for the samples to which cyclosporin A 
(Sigma) which is prepared as an ethanol-based stock solution, was added. As can be seen 
by comparing lanes T and 3' in Figure 7, the presence of 0.5% ethanol had no visible 
effect on the results of the assay. In lane 4% the CypD-GST fusion protein was 
preincubated with 10 uM cyclosporin A before being contacted with the Nickel beads:His- 
10 tagged ANT3 mixture; as expected, the presence of cyclosporin A eliminated ANT- 

mediated CypD-GST retention. 

In lane 5', Nickel beads:His-tagged ANT3 :CypD-GST complexes were 
preformed before the addition of 10 uM cyclosporin A. Under these conditions, the order 
of addition had no discernible impact on the results. The fact that the loading and recovery 
15 was consistent from tube to tube throughout the experiment is shown by the consistent 
recovery of ANT3 in lanes 2', 3', 4' and 5'. 

Lanes 1 through 5 represent EDTA-eluted samples corresponding to those of 
lanes 1' through 5' which were stripped of bound protein (by addition of lx NuPAGE SDS 
Sample Buffer and placing in a boiling water bath for 10 minutes) after the EDTA- 
20 mediated elution of bound proteins. As can be seen in Figure 9, no detectable CypD-GST 
or His-tagged ANT3 remained bound to the Nickel-coated beads after elution with EDTA. 

These results demonstrate that the assay reflects known parameters of 
human CypD and ANT. That is, the CypD-GST fusion protein specifically binds His- 
tagged ANT3 on a solid support, and this binding is inhibited by cyclosporin A. 

25 

EXAMPLE 16: 

Other InVitro Assays of ANT3-CypD Interactions 
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The reagents and systems described herein can be used in a variety of in 
vitro assays of interactions of MPT pore components with each other and/or with other 
mitochondrial factors. Using ANT and CypD as examples, this Example describes such 
other uses and embodiments of the compositions and methods disclosed herein. 
5 For example, in one related embodiment, the CypD ligand that is added in 

the binding assays is an epitope-tagged CypD fusion protein, wherein the epitope is, for 
example, a 6x His "tag" or the an XPRESS™ epitope (Example 9). In this mode, the 
amount of CypD ligand present in each sample is measured using antibodies, or other 
detectable reagents, that specifically bind the epitope. 
10 In another related embodiment, the CypD ligand that is added in the binding 

assays is a CypD-GFP fusion protein (Example 11). In this mode, the amount of CypD 
ligand present in each sample is measured using a flourometer. 

In a further related embodiment, the ANT fusion protein used in the assay is 
an ANT-GST fusion protein (Example 2) that is attached to glutathione-coated beads 
15 (Sigma), and the CypD ligand is, for example, an epitope-tagged CypD fusion protein, 
wherein the epitope is, for example, a 6x His "tag" or the an XPRESS™ epitope (Example 
9), or a CypD-GFP fusion protein (Example 1 1). A variety of beads and other supports can 
be' used; however, care must be taken to ensure that the CypD ligand used in such assays do 
not attach to the glutathione bead or other support of choice. In this mode, the amount of 
20 CypD ligand present in each sample is measured using antibodies, or other detectable 
reagents, that specifically bind the epitope, or a fluorometer, whichever is appropriate for 

the CypD ligand of choice. 

In a further related embodiment, the ANT fusion protein used in the assay is 
an ANT-EYFP fusion protein (Example 5) that further includes a His tag, or other 
25 functional group such as a GST polypeptide, that serves as a linker for the purpose of 
attachment of the ANT-EYFP fusion protein to the support (i.e., Nickel beads if a His- 
tagged ANT-EYFP fusion protein is used), and the CypD ligand is a CypD-ECFP fusion 
protein (Example 11). In this mode, a fluorometer is used to measure FRET that occurs 



122 



when the ANT-EYFP and CypD-ECFP fusion proteins are in close proximity (see the next 
Example). 

These and other embodiments of the assays of the invention may be 
incorporated into automated assay systems adapted by those skilled in the art. Such 
5 automated systems are useful for high throughput screening (HTS) of candidate compounds 
that influence CypD:ANT interactions (or interactions of MPT pore components wrth each 
other and/or with other mitochondrial factors) or chemical libraries comprising such 
compounds. Such compounds may be further characterized and developed as drug 
candidates and drugs useful for preventing, treating or curing diseases or disorders resultmg 
10 from the overexpression or dysfunction of one or more ANT, cyclophilin or cyclosponn 
proteins, or from the overexpression or dysfunction of a factor that positively regulates or 
stimulates of one or more ANT, cyclophilin or cyclosporin proteins. 

A preferred element of many automated assay systems is the incorporation 
of a target molecule into a 96-well plate. This format is readily adaptable for use in a 
15 variety of automated label detection systems. For HTS assays, robotic label detectxon 
systems are preferred. When fluorescent CypD ligands are used in such HTS assays, an 
automatic fluorescence counter is used and may be, for example, a FLUOROCOUNT™ 
Counter (Packard Instrument Company, Meriden, CT). 



20 
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EXAMPLE 17: 
FRET-BASED ASSAYS OF INTERACTIONS BETWEEN 
MPT PORE COMPONENTS AND MITOCHONDRIAL FACTORS: 

General Considerations 

The preceding Examples describe the production of exemplary reagents and 
systems that can be used in assays that are based on fluorescence resonance energy transfer 
(FRET) between two molecules in close physical proximity. Such assays, which can be 
carried out in vitro or in vivo, and design considerations therefor, are described in general in 
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this Example and in specific for human ANT3:CypD interactions in the subsequent 
Example. 

A. General description of fret-Based Assays 

In general, energy transfer (ET) is generated from a resonant interaction 

5 between two molecules: an energy-contributing "donor" molecule and an energy-receiving 
"acceptor" molecule. Energy transfer can occur when (1) the emission spectrum of the 
donor overlaps the absorption spectrum of the acceptor and (2) the donor and the acceptor 
are within a certain distance (for example, less than about 10 nm) from each other. The 
efficiency of energy transfer is dictated largely by the proximity of the donor and acceptor, 

10 and decreases as a power of 6 with distance. Measurements of ET thus strongly reflect the 
proximity of the acceptor and donor compounds, and changes in ET sensitively reflect 
changes in the proximity of the compounds such as, e.g., association or dissociation of the 

donor and acceptor. 

In the present invention, the donor and acceptor compounds are typically 
15 both fusion proteins derived from MPT pore components and/or mitochondrial factors. In 
the assays of the invention, the donor and acceptor compounds (fusion proteins) interact 
with each other under certain conditions in such a manner as to achieve sufficient proximity 
to one another for a particular type of energy transfer to occur. In certain aspects of the 
invention, such interactions are influenced {e.g., enhanced, modulated, inhibited or 
20 blocked) by one or more chemical agents, with a resulting increase (enhanced interaction) 
or decrease (reduced interaction) in energy transfer that can be monitored. Thus, 
measurements of degree or rate of energy transfer between the donor and acceptor fusion 
proteins serve as part of an assay for interactions between the two endogenous 
(mitochondrial and/or cellular) proteins from which the fusion proteins are derived. 
25 Although not required in the present invention, the donor molecule and the 

acceptor molecule can both be, for ease of measurement, light emission molecules, such as 
fluorescent, phosphorescent, and chemiluminescent molecules, which emit light when 
excited by excitation light. Preferable donor-acceptor combinations that can be used with 
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the present invention are fluorescent donors with fluorescent or phosphorescent acceptors, 
or phosphorescent donors with phosphorescent or fluorescent acceptors. "Fluorescence- 
refers to luminescence (emission of light) that is caused by the absorption of radiation at 
one wavelength ("excitation"), followed by nearly immediate reradiation ("emission"), 
5 usually at a different wavelength, that ceases almost at once when the incident Nation 
stops At a molecular level, fluorescence occurs as certain compounds, known as 
fluorophores, are taken from a ground state to a higher state of excitation by light energy; 
as the molecules return to their ground state, they emit light, typically at a different 
wavelength. "Phosphorescence," in contrast, refers to luminescence that is caused by the 
10 absorption of radiation at one wavelength followed by a delayed reradiation that occurs at a 
different wavelength and continues for a noticeable time after the incident radiation stop, 
"Chemiluminescence" refers to luminescence resulting from a chemical reaction, and 
'^luminescence" refers to the emission of light from living organisms or cells, organelles 

or extracts derived therefrom. 
15 By way of illustration and not limitation, one exemplary class of energy 

transfer is known as fluorescence resonance energy transfer (FRET). FRET occurs within a 
molecule, or between two different types of molecules, when energy from an excited donor 
fluorophore is transferred direetly to an acceptor fluorophore (for a review, see Wu et al., 
Analytical Biochem. 218:1-13, 1994). In general, the energy transfer from an excited 
20 fluorophore (donor) to an absorber (acceptor) is measured by (1) measuring the spectra 
(including changes in the spectra) of fluorescence from the donor and acceptor; (2) 
measuring the speed at which the intensity of the fluorescent intensity of the donor 
decreases after pulse-laser excitation (i.e., the fluorescence lifetime); or (3) measuring the 
reduction in intensity of fluorescence from the donor compound (indirect measurement of 
25 FRET) or the increase in intensity of fluorescence from the acceptor compound (direct 
measurement of FRET). Direct measuring of energy transfer involves monitoring the 
signal from an excited acceptor compound, which increases as the compounds achieve 
proximity to each other, whereas indirect measuring of energy transfer involves monitoring 
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a signal from an excited donor compound that decreases {i.e., is quenched) as the 
compounds achieve proximity. 

B. PAIRS OF DONOR: ACCEPTOR POLYPEPTIDE MOTIFS FOR FRET-BASED ASSAYS 

A number of criteria are generally used to determine what combinations of 
5 energy-donating compounds (donors) and energy-accepting compounds (acceptors) are 
acceptable for FRET-based assays of the invention. One criterion is that the emission 
spectrum of the donor compound should at least partially overlap the absorption spectrum 
of the acceptor compound, so that energy transfer from the donor to the acceptor can occur. 
Typically, a donor compounds has an emission peak wavelength [herein, "XD(em)»] that is 
10 within a few nm of the excitation peak wavelength of the acceptor compound [herein, 
«AA(ex)"]. That is, the difference between D(em) and A(ex) is typically from about 70 nm 
to about 20 nm or less, with typical values for ?,D(em) - XA(ex) being 60 nm, 50 nm, 40 
nm, 30 nm, 25 nm, 20 nm, 15 nm, 10 nm, 5 nm or 1 nm. 

Another criterion is that the emission signal from the excited acceptor 
15 compound must be capable of being distinguished from the emission signal from the 
excited donor compound. An emission signal from an excited donor can be so 
distinguished if, for example, (1) the wavelength of the emission signal from the excited 
acceptor is sufficiently distinct from the wavelength of the emission signal from the excited 
acceptor or (2) the acceptor quenches the emission signal from the excited acceptor. 
20 A variety of classes of compounds can serve as acceptors and donors, and 

the acceptor and donor can, but need not, belong to the same class of compound. Any 
appropriate signal-emitting, preferably light-emitting (fluorescent, phosphorescent, or 
chemiluminescent) polypeptide motif or chemical moiety may be used as a detectable label 
in the present invention. Chemical moieties may be conjugated to polypeptides according 

25 to methods known in the art. 

Recombinant production of fusion proteins comprising (1) a polypeptide 
sequence corresponding to or derived from a mitochondrial factor of interest and (2) a 
fluorescent polypeptide is a straightforward way to produce homogenous batches of 
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proteins that serve as fluorescent ligands that are useful in the assays of the invention. 
Table 2 lists appropriately overlapping (in terms of donor emission and acceptor excitation 
spectra) pairs of fluorescent polypeptide motifs. Green fluorescent proteins are descnbed 
infra (Example 6). Fusion proteins comprising "FLASH" (fluorescein arsenical hehx 
5 binder) sequences have been described (Griffin et al., Science 287 :269-272, 1998). 
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DONORS 



ACCEPTORS 



Protein 

or 
Motif 

ECFP- 
F64L/S65T/ 
Y66W/N146I/ 
M153T/V163 
A/(+N212L) 



Peak 
Excitation 
Wave-length 

433 nm 
(453 nm*) 



Group IV 



Wildtype GFP 



RFP-S65C 



EGFP, RFP- 
F64L/S65T 



RFP-S65T 

RFP-F64M/ 
S65G/Q69L 



465 - 495 nm 



470 nm* 
(395 nm) 



479 nm 



488 nm 



Peak 
Emission 
Wave-length 

501 nm* 
(475 nm) 



Peak 
Excitation 
Wave-length 



502 nm 



475-525 nm 



508 nm 



513 nm 



Peak 
Emission 
Wave-length 



512 nm 



528 nm 



527 nm 



Protein 

or 
Motif 



YFP- 

S65G/Y66W/ 
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"FLASH" 



proteins 
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S65G/V68L/ 
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510 nm 



507 nm 



507 nm 



489 nm 



490 nm 



511 nm 



509 nm 



Suitable For Use With Any Group IV Donor: 



502 nm 



508 nm 
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512 nm 
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S65G/Y66W/ 
S72AAT203Y 



527 nm 



"FLASH" 
proteins 



EYFP- 
S65G/V68L/ 
S72A/T203Y 



* Minor excitation or emission peak. 



C INSTRUMENTATION FOR DETECTING ENERGY TRANSFER 

A variety of instruments can be used in methods of the invention to excite 
an energy transfer molecule that is an energy transfer donor compound and to measure 
emission from an energy transfer molecule that is an energy transfer acceptor compound. 
Which instrument(s) is (are) applicable for a particular donor-acceptor pair depends on 
factors such as (1) the need to apply energy at a wavelength that will excite the donor 
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compound, preferably at or near ^D(ex), to samples; (2) the need to measure energy within 
the emission spectrum of the acceptor compound, preferably at or near XA(em); (3) the type 
of samples to be assayed in a given program; and (4) the number of samples to be assayed 
in a given program. 

5 With regard to factors (1) and (2), the spectra of energy being applied to 

samples to excite a donor compound, and the spectra of energy being emitted by an excited 
acceptor compound and measured in samples will determine, in general, what type of 
instrument will be used. For example, although XD(em) should not be identical to XA(em), 
the minimal acceptable amount of difference between these two values will be influenced 
10 by, among other factors, the instrumentation being used. That is, as XD(em) approaches 
3,A(em), instruments capable of resolving closely-spaced wavelengths are required, and an 
assay using a donor-acceptor pair wherein the difference between XD(em) and XA(em) is 
less than about 3 to about 5 nm requires a high resolution instrument. Conversely, an assay 
using a donor-acceptor pair wherein the difference between XD(em) and XA(em) is greater 
15 than about 50 to about 75 nm requires an instrument of medium to low resolution. 

With specific regard to factor (2), the type of energy being emitted by an 
excited acceptor compound and measured in samples will determine, in general, what type 
of instrument will be used. By definition, a fluorometer is a device that measures 
fluorescent energy and should therefor be part of the instrumentation. A fluorometer may 
20 be anything from a relatively simple, manually operated instrument that accommodates 
only a few sample tubes at a time, to a somewhat more complex manually operated or 
robotic instrument that accommodates a larger number of samples in a format such as, e.g., 
a 96-well microplate (such as, e.g., an/mac™ fluorimetric plate reader, Molecular Devices 
Corp., Sunnyvale, CA; or a Cytofluor fluorimetric plate reader, model #2350, Millipore 
25 Corp., Bedford, MA), or a complex robotic instrument (such as, e.g., a FLIPR™ 
instrument; see infra) that accommodates a multitude of samples in a variety of formats 

such as 96-well microplates. 

With regard to factor (3), the type of samples to be assayed in a given 
program, different formats will be appropriate for different types of samples. For example, 
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96-well microplates are suitable in instances where the cells or isolated organelles of 
interest adhere to the material of the microplate or to some material applied to the wells of 
the microplate; however, plastic fluorescence results in a larger background component at 
excitation wavelengths below about 400 nm. For measurements involving nonadherent 
5 cells or organelles, or soluble extracts prepared therefrom, an instrument capable of reading 
fluorescent signals in glass or polymeric tubes or tubing is preferred. Regardless of what 
type of format is used, it should allow for the introduction of donor and acceptor 
compounds, as well as control reagents and compounds being evaluated, into the samples at 

appropriate points in time. 
10 Factor (4), the number of samples to be assayed in a given program, will 

influence how automated the instrument will be. For example, when high throughput 
(HTS) assaying of a large number of samples is desired, robotic or semi-robotic 
instruments are preferred. However, a fair number of samples can be processed manually, 
particularly when formats that accommodate large sample numbers (such as, e.g., 96-well 

1 5 microplates) are used. 

Depending on the assay, a Fluorometric Imaging Plate Reader (FLIPR™) 
instrument (Molecular Devices, Sunnyvale, CA) is often the instrument of choice for ET- 
based assays of the invention. The FLIPR™ system (see 

http://www.moleculardevices.com/pages/flipr.html) has the following desirable features: it 
20 uses a combination of a water-cooled, argon-ion laser illumination and cooled CCD camera 
as an integrating detector that accumulates signal over the period of time in which it is 
exposed to the image and, as a result, its signal-to-noise characteristics are generally 
superior to those of conventional imaging optics; it also makes use of a proprietary cell- 
layer isolation optics that allow signal discrimination on a cell monolayer, thus reducing 
25 undesirable extracellular background fluorescence; it provides data in real-time, and can 
also provide kinetic data (i.e., readings at a multitude of timepoints); it has the ability to 
simultaneously stimulate and read all 96 wells of a 96-well microplate; it provides for 
precise control of temperature and humidity of samples during analysis; it includes an 
integrated state-of-the-art 96-well pipettor, which uses dispensible tips to eliminate 
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carryover between experiments, that can be used to aspirate, dispense and mix precise 
volumes of fluids from microplates; and, in the case of the FLIPR 384 instrument, it can be 
adapted to run sample assays in a robotic or semi-robotic fashion, thus providing for 
analysis of large numbers of samples in shortest amount of time (e.g., up to about a 
5 hundred 96-well microplates per day). 

EXAMPLE 18: 

FRET-Based Assays of ANT3:CypD Interactions 

10 The reagents and systems described in Examples 1 through 12 can be used 

in FRET-based assays of CypD:ANT interactions (specifically, huANT3:huCypD). 
Procedures for performing such assays, which can be carried out in vitro or in vivo, are 
described in this Example. 

A. In Vivo FRET-Based Assays of CypD:ANT Interactions 
15 Cells are transformed (transiently or permanently) with expression 

constructs that direct the production of two or more fluorescent (or otherwise detectably 
labeled) mitochondrial fusion proteins that can act as energy transfer dononacceptor pairs 
with each other. Alternatively, cells are transformed with a single expression construct that 
directs the production of two or more fluorescent (or otherwise detectably labeled) 
20 mitochondrial fusion protein proteins that make up at least one energy transfer 
dononacceptor pair. Transformation and appropriate localization of the fusion proteins is 
confirmed by, e.g., fluorescence microscopy and/or fluorescence detection for GFP fusion 
proteins. 

In the case of huANT3 and huCypD, the GFP fusion protein derivatives of 
25 these mitochondrial factors are used in FRET-based assays of their interaction. 
Specifically, the donor molecule is huCypD-ECFP (Xex, 433 nm, minor peak at 453 ran; 
Xem, 475 nm, minor peak at 501 nm; Example 1 1), and the acceptor molecule is huANT3- 
EYFP(C) (Xex, 513 nm; Aem, 527 nm), in which the EYFP polypeptide is on the carboxy 



131 



terminal side of the fusion protein (Example 6). The association (positive interaction) of 
these fusion proteins can be detected and measured in a variety of ways. First, the transfer 
of energy from huCypD-ECFP to huANT3-EYFP(C) can be directly detected as an 
increase in fluorescence from excited acceptor molecules, i.e., as an increase in 
5 fluorescence around the peak emission wavelength (527 nm) for huANT3-EYFP(C). 
Second, the transfer of energy from huCypD-ECFP to huANT3-EYFP(C) can be detected 
indirectly as a decrease in fluorescence (quenching) from excited donor molecules, i.e., by 
a decrease in fluorescence around the peak emission wavelength (475 nm, minor peak at 
501 nm) for huCypD-ECFP. Conversely, inhibition of molecular interactions, and/or 
10 promotion of repulsion (negative interaction) of these fusion proteins can be detected and 
measured directly , i.e., as an decrease in fluorescence, resulting from decreased energy 
transfer from huCypD-ECFP and huANT3-EYFP(C), around the peak emission 
wavelength (527 nm) for huANT3-EYFP(C), or indirectly, i.e., as an increase in 
fluorescence from excited donor molecules, i.e., by a decrease in fluorescence around the 
15 peak emission wavelength (475 nm, minor peak at 501 nm) for huCypD-ECFP. 

Transformed cells are contacted with candidate compounds and 
compositions. The term "candidate compounds and compositions" is meant to encompass 
chemical compounds, including small organic molecules, polypeptides, proteins, 
oligonucleotides including ribozymes and other antisense oligonucleotides, nucleic acids 
20 including gene therapy and antisense constructs, and extracts from natural biological 
sources including extracts from particular plants or animal tissues. A detectable signal, 
e g., the fluorescence that results from the interaction of from the samples is measured, e.g., 
over time, including before and after addition of the candidate compound(s) and/or 
compositions), or as a single point after an appropriate period of incubation. The results 
25 are examined in order to evaluate the effect (positive, negative or neutral) of the candidate 
compound(s) and/or compositions) on the interaction of ANT3 and CypD. 

Cells are solubilized as need be to ease the entry of compounds that are 
being tested for their ability to affect CypD: ANT interactions in vivo. Using methodologies 
known in the art and/or the present disclosure, those skilled in the art will be able to 



132 



determine appropriate doses, conditions and samples (e.g., whole or permeabuized eel s, 
and appropriate eell types or lines) for assays utilizing specific agents and/or cond^ns for 
inducing an altered mitochondrial state. By way of example and not limitation, cells may 
be permeabilizedby the addition of permeabilizing agents such as digitonin, streptolysm O 

Co St Louis, MO; see Sigma catalog entitled "Biochemicals and Reagents for Lrfe 
Scie.ce Research," Anon., 1999, and references cited therein for these permeabilizmg 
agents), or by physical manipulations such as, e.g. , electroporation. 

in a related embodiment, mitochondria are prepared from cells that have 
10 been transformed with expression constructs that direct the production of two or more 
fluorescent (or otherwise detectably labeled) mitochondrial fusion proteins that can act as 
energy transfer dononacceptor pairs. Candidate compounds and compositions are added 
directly to isolated mitochondria comprising FRET dononacceptor pairs of fusion protems, 
and fluorescence in the samples is measured, e.g., over time, including before and after 
15 addition of the candidate compounds) and/or compositions), or as a single pomt after an 
appropriate period of incubation. 

B In Vitro fret-based Assays of CypD: ANT Interactions 

FRET-based in vitro assays of CypD.ANT interactions are carried out 
aecording to the methods described in this Example and in Example 15. Multiwell plates 
20 can be coated with either an ANT-EYFP or a CypD-ECFP fusion protein and then 
eontacted with either a CypD-ECFP or an ANT-EYFP fusion protein, respectively, m the 
presence or absence of candidate compounds, and the fluorescent signal in each well 
(which corresponds directly with the number of ANT and CypD molecules in close 
proximity to one another) can be read by automated or semi-automated fluorometers. 
25 Because in vitro assays do not require that the ANT and CypD fusion 

proteins co-localize in the same subcellular compartment, either of the ANT-EYFP fusion 
proteins (U, either ANT-EYFP, in which the EYFP polypeptide is located on the carboxy 
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terminus of the fusion protein, or EYFP-ANT, in which the EYFP polypeptide is located on 
the amino terminus) described herein may be used in such assays. 



Example 19 

Assay for CypD-ANT Binding Interactions Using Submitochondrial Particles 

This example describes compositions and methods for assaying CypD 
binding to submitochondrial particles (SMP) prepared from mitochondria derived from 
cells expressing recombinant human ANT3. Transfected T. ni insect cells expressing His- 
tagged recombinant human ANT3, as described above in Example 3, were the source of 
SMP. 

SMP preparation was according to a modification of Halestrap et al. (1998 
Biochim. Biophys. Acta. 1366:79-94), and all steps were performed at 4°C. Starting 
material was one liter of cell culture, corresponding to lxlO 5 T. ni cells. Cells were 
pelleted by centrifugation and stored frozen at -20°C. For isolation of mitochondria, the 
cell pellet was thawed and resuspended in 15 ml of mitochondrial isolation buffer (MIB, all 
reagents from Sigma, St. Louis, MO, unless otherwise noted): 0.22 M mannitol, 70 mM 
sucrose, 10 mM Hepes, 0.2 mM EDTA, 0.2 mM 2-mercaptoethanol (2-ME), pH 7.2 plus a 
standard protease inhibitor cocktail (Roche Molecular Biochemicals, Indianapolis, IN). 
The suspension was subjected to two freeze-thaw cycles by shell-freezing the container in a 
dry ice/ETOH bath and then thawing the suspension at room temperature, and was then 
diluted with 20 ml of MIB. The suspension was next homogenized with 10 strokes in a 
Potter-Elvehjem homogenizer (rheostat setting 28). The resulting homogenate was further 
diluted with MIB to a volume of approximately 200 ml and centrifuged at 600 x g at 4°C 
for 10 min. Supernatant fluids were saved and the pellet was resuspended in 20 ml MIB, 
homogenized as described above, diluted to 100 ml final volume with MIB and again 
centrifuged for 10 min at 600 x g. Supematants were pooled and pellets were homogenized 
three additional times as just described, until the supernatant fluid following centrifugation 
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was clear. The pooled supernatant fluids were again centrifuged for 10 min at 600 x g to 
remove contaminating nuclei, which accumulated following centrifugation in the form of 
pellets having a white appearance. The post-nuclear supematants were then centrifuged for 
15 minutes at 12,000 x g to yield a mitochondrial pellet having a pink color, which was 
5 resuspended in 8 ml of MIB supplemented with protease inhibitors. Protein concentration 
was measured using the Pierce BCA (Pierce Chemical Co., Rockford, IL) according to the 
manufacturer's instructions. 

Preparation of SMP from isolated T. ni mitochondria was performed by a 
modification of the method of Nicolli et al. (1996 J Biol Chem 271(4):2185-92). Briefly, in 
10 a 25 ml glass beaker supported in an ice/water bath, mitochondria were suspended at 30 
mg/ml (based on protein content) in Mito B buffer (0.25 M Sucrose, 10 mM Tris-Cl pH 
7.4, 0.1 mM EGTA-Tris) at 30 mg/ml and sonicated under an argon stream using a 
Sonofier™ model 450 probe tip sonicator (Branson Ultrasonics, Inc. Danbury, CT) set at 
60% cycle and at a power setting of 20 (Brinkmann Instruments, Westbury NY) for three 
1 5 sonication periods, each lasting three minutes. Unbroken mitochondria were then removed 
by centrifugation at 8000 x g for 10 minutes, followed by a high speed centrifugation of the 
supematants at 100,000 x g for 60 minutes to pellet the SMP. The supernatant was 
decanted and the SMP pellet was rinsed with Mito B buffer and then resuspended in the 
same buffer. 

20 Cyclophilin binding to ANT present in the SMP was determined using 

soluble recombinant GST-cyclophilin D (see Example 10, above). Rotamase 
(peptidylprolyl cis-trans isomerase) activity of the GST-CypD preparation was determined 
according to the "solvent jump" method of Kofron et al. (1991 Biochemistry 30: 6127- 
6134). Briefly, Ala-Ala-„-Pro-Phe-pNa was used as the rotamase substrate, coupled 

25 with a-chymotrypsin cleavage of all trans-Pro containing peptide to yield p-nitroanilide, 
detected by absorbance at 390 nm. As shown in Figure 12 (left panel), GST-CypD 
exhibited readily apparent rotamase activity relative to test reactions performed in the 
absence of added GST-CypD for purposes of determining non-enzymatic cis-to-trans 
isomerization of the substrate peptide. Cyclosporin A (CsA) inhibited the CypD rotamase 
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activity (Fig. 12) in a dose-dependent manner (Fig. 12, right panel), further confirming the 
activity of the recombinant GST-CypD fusion protein. Using the same methodology, 
rotamase activity was also demonstrated for recombinant polyHis-tagged CypD fusion 
proteins (see Example 9), including His-CypD affinity purified on nickel columns as 
5 described above, His-CypD purified by fast protein liquid chromatography (FPLC™, 
Pharmacia, Piscataway, NJ), and CypD liberated from the polyHis fusion tag following 
enterokinase cleavage (Ek-CypD); these data are shown in Figure 13. 

To assay binding of cyclophilins to the SMP prepared from T. ni cells, 
binding reactions were set up in polycarbonate centrifuge tubes containing 1 mg SMP and 
10 2.6 uM GST-cyclophilin D (Example 1 0) in a final volume of 1 ml binding buffer (50 mM 
NaCl; 20 mM imidazole; 10 mM HEPES pH 7.2; 10 mM K 2 HP0 4 ; 1 mM EDTA). For 
certain reactions, 10 uM cyclosporin A (CsA) was also present. To assess the stability of 
the reaction components, GST-CypD and SMP were either (i) combined immediately 
following preparation of the SMP (Fig. 11, 0 hr), or (ii) held at 4°C for 3-6 hours (Fig. 11, 
15 3 hr and 6 hr) prior to initiation of the binding assay. Binding reaction mixtures were 
incubated at room temperature for 20 min, placed in a centrifuge rotor that had been pre- 
cooled to 15°C and then centrifuged at 100,000 x g for 60 min to pellet the SMP. Pellets 
were solubilized overnight at 37°C in SDS-PAGE sample buffer, and protein 
determinations were performed as described above on aliquots of the dissolved pellets, and 
20 of the supernatants. Pellet and supernatant samples corresponding to equivalent ligand 
(GST-CypD) concentrations were electrophoresed on SDS-polyacrylamide gels and blot 
transferred to nitrocellulose according to standard procedures. SMP-bound CypD present 
in the pellets, and unbound (free) CypD present in the supernatants, were determined by 
western immunoblot analysis as described above, except using as a source of primary 
25 antibodies rabbit antisera containing CypD-specific antibodies generated by immunization 
with a CypD peptide according to the method of Bergsma et al. (1991 J. Biol. Chem. 
266:23204). Figure 1 1 shows the results of the western blot analysis, where no CypD was 
detected in the pellet (p) fraction of a control sample to which no SMP were added, but 
CypD was readily detected in the supernatant (s) fraction of this control sample. When 
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SMP were added to GST-CypD immediately after preparation (0 hr), or after 3-6 hours (3 
hr, 6 hr), GST-CypD was readily detectable in SMP pellet fractions in a CsA-inhibited 
manner. 



5 Example 20 

Assay for CypD-ANT Binding Interactions Using Proteoliposomes 

This example describes compositions and methods for assaying CypD 
binding to proteoliposomes (PLS) prepared from lipids reconstituted with 
10 bacteriorhodopsin (BR) and/or recombinant human ANT3 mitochondria derived from T. ni 
cells expressing His-tagged recombinant human ANT3 (see Examples 3 and 15 above). 
Inclusion of BR in the reconstituted liposomes provided density and a source of visible 
color to facilitate proteoliposome isolation, and also provided a non-specific control for 
protein-protein binding. 

15 Reconstitution of purified ANT into liposomes was performed based on the 

methods of fast detergent removal using adsorbent beads (Kramer et al., 1986 Biochim. 
Biophys. Acta, 863, 289-286) and of formation of relatively large, unilamellar liposomes 
using nonionic detergents (Ueno et al., 1984 Biochemistry, 23, 3070-3076), which have 
been modified to accelerate the process of proteoliposome formation and to minimize loss 

20 of lipids by adsorption to the beads. Preformed liposomes were prepared by a 
freeze/thaw/sonication procedure. Briefly, egg-yolk lecithin (240 mg) was suspended in 3 
ml of reconstitution buffer (50 mM NaCl, 10 mM HEPES, pH 7.4). The suspension was 
pulsed with argon stream to remove oxygen, partially frozen by contacting the vessel with a 
dry ice/ ethanol bath, and sonicated as described above for SMP except the sonication 

25 period was for 1 min. The freeze/sonication step was repeated at least 3-4 times until 
clarification of lipid suspension was achieved. 

Small EconoColumns™ (BioRad, Hercules, CA) were filled with 1.7 gm of 
SM-2 BioBeads™ (BioRad), washed with methanol followed by water, and equilibrated 
with the reconstitution buffer. Elution buffer (50 mM NaCl, 1 mM EDTA, 10 mM Hepes, 
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1.3% Triton X-100™, 0.5 ml) containing His-tagged, affinity purified recombinant human 
ANT3 was mixed with 200 ul of preformed liposomes, and then either ATP (50 mM) or 
methylumbelliferone phosphate (MUP, 5 mM, Molecular Probes, Inc., Eugene, OR) was 
added. Control (protein-free) liposomes were prepared in parallel by adding 0.5 ml of the 
5 elution buffer (50 mM NaCl, 1 mM EDTA, 10 mM Hepes, 1.3 % Triton X-100™) to 200 
,xl of the liposome suspension. Each mixture was vortexed, applied to the BioBeads™ SM- 
2 column and passed through the column 5-6 times. Formation of proteoliposomes was 
visualized by apparent turbidity of the solution. Non-entrapped MUP or ATP was removed 
either during pelleting of the proteoliposomes by centrifugation, or by filtration of the 
10 proteoliposome suspension on a columnl of Sephadex™ G-50 (Pharmacia, Piscataway, NJ). 

Bacteriorhodopsin (BR) was co-reconstituted into the ANT liposomes as 
follows. Bacteriorhodopsin (5 mg, Sigma, St. Louis, MO) was monomerized by 
preincubation for 6 hr on a rotator in 200 ul of elution buffer (containing 1.3 %Triton). 
The monomeric protein was added to the ANT-lipid mixture following addition of ANT to 
15 lipids as described above, but prior to the addition of ATP or MUP. 

Integrity of liposomes and proteoliposomes integrity was evaluated by 
determining retention of encapsulated MUP (Molecular Probes) according to the supplier's 
instructions. Briefly, fluorescent detection of methylumbelliferyl anion, an alkaline 
phosphatase cleavage product o MUP, was monitored in aliquots of liposomes and 
20 proteoliposomes exposed to alkaline phosphatase. Integrity of liposomes and 
proteoliposomes was also evaluated by determining liposomal permeability detectable as 
efflux of entrapped ATP using a coupled hexokinase and glucose-6-phosphate 
dehydrogenase system as described (Streicher-Scott et al., 1993 Anal. Biochem. 210, 69-76) 
with fluorimetric detection of NADPH. Using these procedures no loss of entrapped 
25 indicators from liposomes or proteoliposomes was detected. 

Assays for detection of GST-CypD binding to liposomes or proteoliposomes 
were performed essentially as described above in Example 19, but substituting liposomes 
(LS) or proteoliposomes (PLS) for SMP with the following additional modifications: The 
reaction buffer for the binding assay was 5 mM K2HP04, 10 mM HEPES pH 7.2; each 
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binding reaction contained 200 ul of a LS or PLS suspension prepared as described above, 
and pelleting LS and PLS required centrifugation at 140,000 x g. 

Figure 14 shows western blot analysis in which binding of GST-CypD to 
PLS reconstituted with both human ANTS and bacteriorhodopsin was readily apparent. 
5 The upper panel of Fig. 14 shows a western blot developed with anti-human CypD 
antibodies as described in the preceding Example, wherein CypD remained in the 
supernatant when no PLS were added (left-most lane), but a pronounced CypD signal 
appeared in the ANT/BR PLS pellet when PLS were added without detectable signal in the 
corresponding supernatant fraction. As also shown in Fig. 14, in the presence of CsA the 
10 distribution of CypD was altered, with a readily detectable signal remaining in the 
supernatant. The lower panel of Fig. 14 shows the same western blot developed with a 
monoclonal antibody specific for the Express™ epitope tag engineered into the huANT3 
construct, as described above. To former characterize the specificity of CsA inhibition of 
the CypD-ANT3 binding interaction, binding assays were conducted comparing CypD 
15 binding to PLS reconstituted with either BR only, or with both BR and ANT. Asshownin 
Figure 15, GST-CypD binding to ANT/BR PLS was readily detectable and was inhibited 
by CsA, which effected a pronounced reduction of detectable CypD in the ANT/BR PLS 
pellet (Fig. 15, right-hand four lanes) but did not appear to do so from the BR PLS pellet 

(Fig. 15, fourth lane from left). 
20 As an alternative to the ANT/CypD binding assays described above, which 

feature centrifugation of PLS to identify binding interactions, a "spin-dialysis" method was 
also developed. This assay permitted determination of binding interactions with protein- 
free liposomes (LS) as well as PLS, since it did not require the added density conferred 
upon PLS by reconstitution with proteins, which, as noted above, facilitated PLS recovery 
25 by ultracentrifagation. The spin-dialysis assay method for determining CypD-ANT 

binding was performed as follows. 

An aliquot (100 ul) of each liposome preparation (e.g., LS, BR PLS, 
ANT/BR PLS) prepared as described above was mixed with 10 ug of GST-CypD and 
diluted with 400 ul of standard buffer (50 mM NaCl, 10 mM Hepes, pH 7.4). Control 
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(liposome-free) samples contained 500 ul of the buffer and 10 ug of GST-CypD. All 
samples were incubated on a rotator for 20 min at room temperature, and were then 
individually transferred into Amicon (Beverly, MA) microncentrator tubes with 100 kDa 
molecular weight cut-off filters. The tubes were centrifuged (in a bucket rotor) at 4°C 
according to the instructions provided by the manufacturer. The time of centrifugation was 
adjusted so that retentate volume would be about 40 ul in each tube, which varied among 
the samples. The control sample was centrifuged briefly (4 min), the samples containing 
protein-free liposomes, BR liposomes, and ANT/BR liposomes were centrifuged for 55, 65, 
and 75 min, respectively. Both flow-through solutions (containing free CypD ligand) and 
retentates containing concentrated liposomes (e.g., with bound ligand) or buffer alone 
(control) were tested for CypD content by western blot analysis using anti-CypD antibodies 
as described above. To rule out the possibility that CypD was being lost from samples by 
adsorption to the concentrator filters, the filters were washed with 90 ul of a diluted SDS- 
sample buffer and the wash analyzed for CypD by western immunoblotting. No CypD was 
detected in the wash, indicating an apparent absence of CypD binding to the filters. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
) invention. Accordingly, the invention is not limited except as by the appended claims. 
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